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(54) OPERATING METHOD OF FLUIDIZED-BED INCINERATOR AND THE INCINERATOR 



(57) The objective of the present invention is to pro- 
vide a fluidized bed incinerator which will increase the 
thermal capacity of the freeboard to respond to fluctua- 
tions of the load imposed by waste matter such as 
sludge or garbage with a high moisture content; which 
would absorb local and momentary temperature spikes 
due to load fluctuations or variations in the characteris- 
tics of the waste material. This invention comprises the 
steps of 1) injecting the primary air for fluidizing the flu- 
idizing medium from a bottom of the fluidizing region; 2) 
injecting the secondary air into the splash region in 
which the bubbles on the surface of the fluidized sand 
blast and the particles are propelling upward when the 
bubbles are burst; 3) entraining and conveying upward 
the fluidizing medium to out of said incinerator via the 
freeboard; 3) recirculating the fluidizing medium to the 
fluidizing region; and 4) controlling the thermal capacity 
of the freeboard, and the temperature of the fluidizing 
medium to be constant by controlling the ration of the 
primary and secondary air. 
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[0001] This invention concerns a method to operate 
a fluidized bed incinerator which incinerates waste con- 
taining solid carbon, such as sewage sludge, municipal 
garbage or industrial waste, and the incinerator employ- 
ing this method. More specifically, it concerns a method 
to operate a fluidized bed incinerator which incinerates 
waste with a high moisture content, such as sewage 
sludge, and the incinerator employing this method. 

Technical Background 

[0002] Fluidized bed incinerators can be divided 
into two types: those using fluidized beds of air bubbles, 
which are commonly employed to incinerate garbage 
and evaporated sewage sludge, and those using circu- 
lating fluidized beds, which are commonly employed in 
coal-burning boilers which generate electrical power 
and incinerators which burn a mixture of waste and fuel. 
[0003] Fluidized bed incinerators employing air 
bubbles work as follows. When the velocity of the gas 
exceeds the speed at which the particles comprising the 
medium of flow become a fluid, air bubbles begin to 
form on the floor of the fluidized bed. These bubbles agi- 
tate the medium of flow, causing the interior of the bed 
to achieve an ebullient state, in which the fuel is com- 
busted. 

[0004] In circulating fluidized bed incinerators, the 
velocity of the aforesaid gas is forced to exceed the ter- 
minal velocity of the particles comprising the medium of 
flow. As the gas and the particles are vigorously mixed, 
the particles are entrained on the gas and dispersed 
and combusted above the fluidized bed. The dispersed 
particles are collected by a separating device such as a 
cyclone and recirculated in the incinerator. 
[0005] These two types of fluidized bed incinerators 
account for most of the incinerators in use. Both are 
suitable for combusting low-quality fuel or waste. Most 
sewage sludge is processed in a fluidized bed incinera- 
tor, and municipal garbage and industrial waste tend to 
be burned in an incinerator connected in series with a 
stoker. 

[0006] The configuration of the aforesaid air bubble- 
typ fluidized bed incinerator is shown in Figure 18. The 
bottom of a vertical cylindrical tower is filled with a quan- 
tity of sand 50a, the fluidizing medium. This sand forms 
bed region 50 (the bubbling region or the dense region). 
A fluidizing gas is injected thorough air inlet 53 and 
thereafter forced uniformly through disversion devices 
52, dispersion tubes feeding into the bottom of the bed. 
The velocity of the gas. which is the flow velocity at 
which the said gas is injected, is increased until it 
exceeds the speed at which the aforesaid fluidizing 
medium becomes a fluid. Air bubbles 50b form in the 
aforesaid fluidizing medium, agitating and fluidizing it, 



EP 1 013 994 A1 



and causing its surface to assume an ebullient state. 
[0007] The sludge to be incinerated is loaded into 
the furnace via sludge inlet 55, which is above the afore- 
said bed region 50, now in an ebullient state. At the 
5 same time, an accelerant is loaded via inlet 54 and com- 
busted. After the solid component of the sludge is com- 
busted in bed region 50, its volatile component is 
combusted in freeboard 56, the space above bed region 
50. The exhaust gas from the said combustion is 
10 released through exhaust vent 57 on the top of the 
tower. 

[0008] In an air bubble-type fluidized bed incinera- 
tor, waste such as raw garbage or sludge is combusted 
through the following process. 

75 

1) The air used to create a fluid is injected via gas 
dispersion devices 52 at the start of combustion. 
The sand is heated by a burner from the top layer 
down. As its temperature rises, the bed is fluidized 

20 by air bubbles. 

2) Next, the garbage to be incinerated is loaded into 
the chamber. If the heat value of the garbage is too 
low, an accelerant is introduced to maintain the 
interior of the bed at the proper temperature. 

25 3) After combustion has begun, the air heated by 
the exhaust gas is used as the aforesaid fluidizing 
gas. The garbage in the chamber is vigorously 
mixed and fluidized with the heated sand in the bed 
region. After a short time, part of it is gasified by dry 
so distillation, and the remaining solids are com- 
busted. 

4) The uncombusted gases and the volatile or light 
portions of the garbage are conducted to freeboard 
56, the area above the fluidized bed, and there 
35 combusted. 



[0009] When sewage sludge is incinerated in the 
. aforesaid air bubble-type fluidized bed incinerator, the 
rate of combustion in the furnace is 60 to 80% in the flu- 
40 idized bed, but it climbs to nearly 100% in the area of 
the freeboard. 

[001 0] Thus the combustion load of freeboard 56 is I 
20 to 40%, and the temperature of the freeboard is 
approximately 150° C higher than that of the fluidized 
45 bed. Since the combustion energy required to incinerate 
raw garbage or sludge is likely to vary, parts of the free- 
board may become too hot. 

[001 1] In an air bubble-type fluidized bed incinera- 
tor, the air heated by the exhaust gases to approxi- 
so mately 650° C is reused in order to conserve energy 
and minimize pollution. To prevent harmful exhaust, the 
temperature at the vent of the incinerator must be regu- 
lated so that the average temperature of the uncom- 
busted gases (mainly CO, dioxin and cyanogen) is 
55 around 850° C. 

[001 2] In order to maintain the sand bed fluidized by 
the medium at an appropriate average temperature, say 
between 700 and 750° C, the moisture load at the floor 
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of the furnace must be less than 250 to 280 kg/m 2 h. 
Because of the limitations of the equipment, the afore- 
said velocity of the gas must be at least 0.5 m/s (to 
maintain stable bubbling, it must be 0.5 to 1.5 m/s). 
Thus to incinerate waste with a high water content, such 
as sewage sludge, the floor of the furnace is made 
larger than is necessary for combustion, and more air is 
supplied than is actually needed for combustion. More 
exhaust gas is produced, and the extra air is wasted. 
[0013] In many cases, the relative density of the 
substance to be incinerated is equal to or less than that 
of the fluidized bed. If the substance is less dense than 
the bed, when it is loaded into the chamber via the free- 
board it will float on the surface of the fluidized sand on 
the very top of bubbling region, and the temperature 
within that region will not be conducive to effective com- 
bustion. 

[0014] Sewage sludge has a relative density of 
approximately 0.8 t/m 3 . When it is loaded into the fur- 
nace, however, its moisture component immediately 
evaporates, leaving it with a density of 0.3 to 0.6 t/m 3 . 
Assuming silica with a relative density of 1.5 t/m 3 is . 
used as the fluidizing medium, it will attain a relative 
density of 1.0 t/m 3 also assuming that the bed expands 
by a factor of 1.5. 

[001 5] In a case like this, where the substance to be 
incinerated is relatively light, it will float on the surface of 
the sand in the bubbling region even if it is loaded from 
the freeboard. The combustion of the substance will be 
limited to the top layer and will not extend to the interior 
"of the bed. This imposes limitations on the maximum 
load which are not present when combustion can be 
extended effectively to the entire lower portion of the 
bed, including the bubbling region in the lower half of the 
air bubble bed and the dense layer below it. 
[0016] Moreover, if combustion is achieved only in 
the upper portion of the aforesaid sand bed, the volatile 
component of the substance to be burned will be pro- 
pelled through the splash region above the bed and 
combusted in the freeboard. There will be more com- 
bustion in the freeboard, which has a low thermal 
capacity, and less in the region which contains the 
dense layer of sand with its high thermal capacity. As a 
result, the temperature in the furnace will be unstable. 
[001 7] Another problem which can occur is that the 
waste product which falls onto the sand on top of the 
aforesaid bubbling region may not break up effectively. 
This results in some portions remaining uncombusted 
and leads to improper fluidization. 
[0018] Also, waste matter like raw garbage and 
sewage sludge contains a high volume of volatile com- 
ponents. Since these sublimate, they are combusted in 
the freeboard. This causes the temperature of the 
exhaust gases to be too high. 

[001 9] In particular, if the temperature of the sand in 
the fluidized bed drops below 750° C, the combustion 
rate in the bed will decrease, increasing the prospect of 
unstable combustion. Thus the temperature of the sand 



must be kept at 750° C or higher. When the volatile 
component is combusted in the aforesaid freeboard, it 
cannot contribute to maintaining the temperature of the 
sand. This necessitates the addition of a great deal of 
5 accelerant. 

[0020] As we have noted, prior art air bubble-type 
fluidized bed incinerators experience problems due to 
the differing fuel quality of different waste substances. If 
the waste contains a high proportion of volatile compo- 
10 nents, the temperature will spike in the freeboard. If the 
waste contains a great deal of moisture, the tempera- 
ture of the sand will drop. There was no effective way to 
address these problems in the prior art. 
[0021] In addition, prior art techniques could not 
is mitigate the problem of temperature fluctuation in the 
freeboard caused by varying fuel quality in different 
parts of the waste material. 

[0022] Since the temperature of the sand was likely 
to drop when a waste substance with a high moisture 
20 content like sludge was combusted in the fluidized bed, 
an accelerant was used to maintain a high temperature. 
However, since some or in some cases almost all of the 
accelerant would immediately sublimate, it would com- 
bust in the freeboard without contributing to the temper- 
25 ature of the sand. The accelerant was thus combusted 
to no purpose, which had a deleterious effect on the fuel 
cost. 

[0023] To solve the aforesaid problems associated 
with air bubble-type fluidized bed incinerators, the 
30 present applicants investigated how to mitigate the 
overheating of the freeboard and how to elevate the 
density of the suspension in the freeboard so as to 
maintain it at a high thermal capacity in order to prevent 
load fluctuations, particularly those due to the varying 
35 quality of the substance to be burned. We also studied 
ways to circulate the heat from the combustion in the 
aforesaid freeboard into the region of the fluidized bed. 
In the course of these investigations, we developed the 
following techniques. 
40 [0024] In the following section we shall discuss the 
techniques we developed, following the order of our 
investigations. 

[0025] To recirculate the heat from th.e combustion 
in the aforesaid freeboard back to the fluidized bed, we 
45 might consider the use of a circulating fluidized bed. But 
a circulating bed lacks a distinct dense layer (dense 
bed) in its lower portion, so its capacity to absorb load 
fluctuations is negligible, and the characteristics of the 
exhaust gases are likely to be unstable. 
so [0026] One approach resulting in a fluidized bed 
incinerator with a distinct dense layer and which 
employs a method to entrain and recirculate the fluidiz- 
ing medium is to use a medium which consists of parti- 
cles of both a finer and a coarser grain. The finer 
55 particles form an entraining fluidized bed, and the 
coarser particles form a heavy fluidized bed. By combin- 
ing the two sorts of beds, one achieves a furnace which 
can control the combustion of pulverized coal. The 
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design of such a furnace is disclosed in Japanese Pat- 
ent Publication (Koukoku) 60-21769. 
[0027] Overlaying an entraining fluidized bed of fine 
particles on a dense fluidized bed of coarser particles 
creates a high-density bed with two distinct temperature 5 
regions in its upper and lower halves. The design for a 
furnace using such a bed, which entails both combust- 
ing and gasifying high-sulfur coal, is disclosed in Japa- 
nese Patent Publication (Koukoku) 63-2651 . 
[0028] Both of the aforesaid approaches involve a w 
fluidized bed consisting of an entraining bed made of 
fine particles which is superimposed on a heavy bed 
consisting of coarse particles. Since these coarse parti- 
cles, the fluidizing medium in the heavy bed, experience 
significant abrasion, they must be replenished fre- is 
quently, which complicates the maintenance of the fur- 
nace. Also, the use of the aforesaid coarse particles 
which are prone to abrasion results in a loss of stability 
due to variations of the particle size ratio. 
[0029] The technique suggested in Japanese Pat- 20 
ent Publication (Koukai) 4-54494 entails overlaying a 
bed of coarse particles on an entraining bed of recircu- 
lating fine particles to create a low-speed region on top 
of a high-speed region. The aforesaid low-speed region 
of coarse particles has two gas inlets to insure that it 25 
remains completely fluidized. The speed and efficiency 
of the reaction can be adjusted by increasing or 
decreasing the velocity of the fluidizing gas and the 
recirculation rate of the fine particles. 
[0030] Just how much the capacity of the system 30 
can be increased in the ways described above is limited 
by the size of the fine and coarse particles and by how 
well the coarse particles can be fluidized, which 
depends largely on the aforesaid speed of fluidization. 
There is also a tendency for changes in the system to 35 
result in unstable reaction conditions. 
[0031] Since the device disclosed in Japanese Pat- 
ent Publication (Koukai) 4-54494 also entails overlaying 
a dense bed of coarse particles on an entraining bed of 
fine particles, it, like the two inventions previously dis- 40 
cussed, suffers from extensive abrasion of the coarse 
particles which serve as the fluidizing medium in the 
heavy bed. Its maintenance is complicated by the 
requirement that the coarse particles be replenished 
very frequently, and the use of coarse particles which 45 
are prone to abrasion results in variation in the particle 
size ratio, which causes the system to be unstable. Fur- 
thermore, even the fact that the device has two gas 
inlets results in virtually no better control of the suspen- 
sion density of the fine particles in the entraining bed. so 
[0032] The following design has also been pro- 
posed for a fluidized bed incinerator and its drive 
method. 

[0033] Japanese Utility Model Publication (Koukai) 
61-84301 offers a design for a fluidized bed incinerator 55 
which has heat transfer pipes in the bed to conserve 
and redistribute heat within the system. These pipes are 
arranged in the bed so that their axes are at an angle 



between 0 and 15° with respect to a perpendicular 
through the splash zone of the bed; in other words, they 
are virtually perpendicular. 

[0034] The invention disclosed in Japanese Patent 
Publication (Koukai) 5-223230 comprises a fluidized 
bed combustion furnace in which a portion of the floor of 
the furnace, which portion is inclined at an angle of at 
least 10°, is perforated to form an air dispersion panel. 
The remainder of the bottom of the fluidized bed has air 
dispersion pipes in it. The fluidizing medium is poured 
onto these two portions of the floor, forming a fluidized 
bed with air dispersion tubes and an inclined fluidized 
bed with perforations to disperse the air, or a static bed. 
The fluidizing medium, as well as any uncombusted 
matter, is removed via pipe 17 on the floor of the fur- 
nace. Fluidizing medium of a specified particle size is 
recirculated and supplied to the inclined, perforated por- 
tion of the floor through an opening for that purpose. 
The garbage to be burned is also deposited on the 
inclined portion of the floor. A quantity of air which is 
from 0.7 to 1 .5 times that of the minimum volume of gas 
required to f luidize the bed is supplied, and the garbage 
is gradually heated, disintegrated and combusted. A 
quantity of air which is from 2 to 9 times that of the min- 
imum volume of fluidizing gas is supplied to the remain- 
ing char on the portion of the floor with the dispersion 
pipes, and it too is combusted. In this way, even if the 
quality of the fuel or the volume supplied should 
undergo a large momentary fluctuation, it will not result 
in incomplete combustion due to insufficient oxygen or 
the production of a large quantity of CO. 
[0035] The invention disclosed in Japanese Patent 
Publication (Koukai)) 64-54104 comprises a fluidized 
bed combustion furnace. This furnace has a combus- 
tion tower in the bottom of which a layer of solid parti- 
cles consisting of sand or ash is created and 
maintained; a mechanism in the middle of the layer of 
solid particles to inject a fluidizing gas in order to create 
a fluidized bed in the upper portion of the particle layer; 
a mechanism to cool the particles, which is placed in the 
static bed comprising the particle layer below the fluid- 
ized bed, and which cools the particles by means of 
heat exchange with water or air; a mechanism to recir- 
culate the particles, which returns them to the fluidized 
bed via an exhaust port in the bottom of the tower; and 
a control mechanism, which controls the quantity of par- 
ticles recirculated. 

[0036] In the prior art designs disclosed in the 
aforesaid Japanese Utility Model Publication (Koukai) 
61-84301, Japanese Patent Publications (Koukai) 5- 
223230 and 64-54104, there are no mechanisms to 
control precisely the ratio of primary and secondary air, 
to recirculate particles efficiently to the sand bed in 
order to absorb abnormal temperatures in the freeboard 
which are caused by load fluctuations or variation in the 
characteristics of the waste material, or to maintain the 
proper temperature in the sand bed. 
[0037] Japanese Patent Publications (Koukoku) 59- 
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13644 and 57-28046 ofler designs which can be applied 
to this sort of fluidized bed incinerator and its operating 
method, but these, too, lack any means to address the 
problem areas described above. 

5 

Disclosure of the Invention 

{0038] To solve these problems, the first objective of 
the present invention was to provide a fluidized bed 
incinerator and an operating method for it which would to 
increase the thermal capacity of the freeboard to 
respond to fluctuations of the load imposed by waste 
matter such as sludge or garbage with a high moisture 
content; which would absorb local and momentary tem- 
perature spikes due to load fluctuations or variations in 15 
the characteristics of the waste material; and which 
would recirculate the combustion heat generated in the 
freeboard and use it to maintain the temperature of the 
sand bed so as to reduce the need for accelerant. 
[0039] The second objective of this invention was to 20 
provide a fluidized bed incinerator and an operating 
method for it which would enable the waste matter to be 
combusted in the deep portion of the fluidized bed. This 
portion extends as far as the bubbling region and the 
dense bed, which are below the surface of the bed of 25 
fluidized sand. In this way a greater quantity of waste 
material can be combusted in the sand bed, which has 
a higher thermal capacity than the freeboard. 
[0040] Other objectives of this invention is disclosed 
in the following descriptions. 30 
10041 ] According to the invention disclosed in claim 
1 , the fluidized bed incinerator having a splash region in 
which the particles of the fluidizing medium are pro- 
pelled upward when the bubbles on the surface of the 
fluidized sand in the fluidizing region burst by injecting 35 
the primary air from the bottom of the fluidized bed for 
fluidizing the sand, and a freeboard region provided 
above the splash region, comprises: 1) an entraining 
region in which the particles are entrained and con- 
veyed upward to the freeboard region by introducing the 40 
secondary air; 2) a recirculation unit to separate the par- 
ticles of the fluidizing medium from the mixture of the 
exhaust gases and the fluidizing medium, and recircu- 
late the fluidizing medium to the fluidizing region; and 3) 
an air control unit to adjust the ratio of the primary and 45 
secondary air based on the temperature difference 
between the freeboard region and the fluidizing region. 
[0042] The air control unit preferably comprises a 
first damper to control the primary air to be introduced 
into the fluidizing region, and a second damper to con- 50 
trol the secondary air to be introduced into the splash 
region, thereby said air control unit controls the ration of 
the primary and secondary air. 
[0043] The invention disclosed in claim 14 is an 
operating method to operate a fluidized bed incinerator. 55 
It comprises a step of: 1 ) injecting the primary air for flu- 
idizing the fluidizing medium from a bottom of the fluid- 
izing region; 2) injecting the secondary air into the 



splash region in which the bubbles on the surface of the 
fluidized sand blast and the particles are propelling 
upward when the bubbles are burst; 3) entraining and 
conveying upward the fluidizing medium to out of said 
incinerator via the freeboard; 4) recirculating the fluidiz- 
ing medium to the fluidizing region; and 5) controlling 
the thermal capacity of the freeboard, and the tempera- 
ture of the fluidizing medium to be constant by control- 
ling the ration of the primary and secondary air. 
[0044] The controlling step preferably controls the 
suspension density in the freeboard and the volume of 
recirculated fluidizing medium by controlling the ration 
of the primary and secondary air. The suspension den- 
sity in the freeboard is preferably kept between 1.5 
kg/m 3 and 10 kg/m 3 

[0045] With the invention described above, a splash 
zone, namely a space of discontinuous density resulting 
from the primary air tossing up particles of sand, is cre- 
ated between the freeboard in the upper part of the fur- 
nace and the bed region in the lower part of the furnace. 
In this invention, secondary air is brought into this 
splash zone. The particles of sand lifted into the splash 
zone on the primary air are entrained and conveyed into 
the freeboard along with the primary air. Increasing the 
quantity of particles held up in the region through which 
the sand travels increases the thermal capacity of the 
freeboard. In this way the system can respond to load 
fluctuations. 

[0046] In this invention, the aforesaid particles 
which are entrained on the air (i.e., the particles tossed 
up by the primary air) are separated from the air by a 
cyclone or other separation means provided in a later 
stage of their travel. They are then sent back to the bed 
region by a recirculation unit provided downstream from 
the cyclone. This design allows the combustion heat 
from the freeboard to be applied to the cooler fluidizing 
medium in the bed region, thus helping maintain the 
temperature of the sand bed and reducing the need for 
auxiliary fuel for that purpose. 

[0047] In other words, since it is necessary to keep 
the sand in the fluidizing region at a constant tempera- 
ture, the fluidizing medium which has absorbed the 
combustion heat in the hotter freeboard is sent back to 
the cooler dense bed of the fluidizing region to supply 
heat to the sand of the bed. This insures that the 
exhaust gas is at the appropriate temperature, and it 
eliminates the need for extra fuel. 
[0048] The thermal capacity of the aforesaid sand 
in the freeboard is a thousand times greater than that of 
a gas. It is thus well suited to mitigate temperature fluc- 
tuations in the freeboard caused by variations in the 
characteristics of the sludge which is being combusted. 
The use of this sand can eliminate inhomogeneous 
combustion due to load fluctuations and enable stable 
combustion to take place. 

[0049] When a control unit adjusts the relative 
opening of two dampers, it adjusts the ratio of primary to 
secondary air in the fixed quantity of air supplied to the 
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furnace. This controls the holdup rate of the sand used 
as the fluidizing medium in the area above the point at 
which the secondary air is admitted. The suspension 
density in the freeboard is adjusted so that it remains 
between 1 .5 kg/m 3 and 1 0 kg/m 3 This insures that the 5 
thermal capacity of the freeboard can be increased or 
decreased as needed to respond to load fluctuations. 
[0050] In this way, the quantity of primary air which 
serves as the fluidizing gas can be increased to expand 
the fluidized bed. The height of the sand surface and 10 
that of the splash zone, demarked by the highest point 
reached by a tossed particle of sand, can thus be 
increased by introducing more primary air. By increas- 
ing or decreasing the holdup rate of the fluidizing 
medium entrained by the secondary air above its inlet in is 
the splash zone, we can adjust the suspension density 
of the freeboard through which the medium passes so 
that it is between 1 .5 kg/m 3 and 10 kg/m 3 . 
[0051] This ability to maintain the temperature of 
the sand in the aforesaid bed region at its proper value 20 
enables us to design a furnace with a smaller floor area 
which can still handle the high moisture component of 
sludge. The sand can be fluidized with a smaller volume 
of air, and the. volume of air beyond what is strictly nec- 
essary for combustion can be minimized. The furnace. 25 
produces less exhaust gas, the quantity of auxiliary fuel 
can be reduced, and the fuel cost can be held down. 
[0052] When the suspension density in the free- 
board is excessive, or more specifically, when it 
exceeds the aforesaid range, the aforesaid control unit so 
reduces the proportion of primary air and increases the 
proportion of secondary air going into the furnace. This 
reduces the quantity of medium thrown up from the bed 
region and so reduces the quantity of the said medium 
which is in circulation. Reducing the quantity of sand in 35 
circulation prevents abrasion of the device and reduces 
the cost of operating the blowers. 
[0053] According to the invention disclosed in claim 
3, the fluidized bed incinerator having a splash region in 
which the particles of the fluidizing medium are pro- 40 
pelled upward when the bubbles on the surface of the 
fluidized sand in the fluidizing region burst by injecting 
the primary air from the bottom of the fluidized bed for 
fluidizing the sand, and a freeboard region provided 
above the splash region, comprises: 1) an entraining 45 
region in which the particles are entrained and con- 
veyed upward to the freeboard region by introducing the 
secondary air; and 2) a secondary air control means 
provided with an air supplying unit to supply the second- 
ary air from one of a plurality of air inlets which are pro- so 
vided in the splash region vertically, said secondary air 
control means to control the open and close of said air 
supplying unit. 

[0054] The invention disclosed above is preferably 
comprising as follows. 55 



the fluidizing medium from the mixture of the 
exhaust gases and the fluidizing medium, and recir- 
culate the fluidizing medium to the fluidizing region; 
and 2) an air control unit to adjust the ratio of the 
primary and secondary air based on the tempera- 
ture difference between the freeboard region and 
the fluidizing region. 

2) The secondary air control means controls the 
open and close of the plurality of air inlets based on 
the temperature difference between the freeboard 
region and the fluidizing region. 

[0055] The invention disclosed in claim 1 7 is related 
to the operating method to operate a fluidized bed incin- 
erator. The method comprises a step of: 1) injecting the 
primary air for fluidizing the fluidizing medium from a 
bottom of the fluidizing region; 2) injecting the second- 
ary air into the splash region in which the bubbles on the 
surface of the fluidized sand blast and the particles are 
propelling upward when the bubbles are burst, said sec- 
ondary air being injected selectively from one or more 
air inlets provided vertically; 3) entraining and conveying 
upward the fluidizing medium to out of said incinerator 
via the freeboard; and 4) controlling the suspension 
density in the freeboard by selecting the air inlets for 
adjusting the height of said injecting the secondary air. 
[0056] The following operation methods can be 
preferably added to the method disclosed above. 

1) Recirculating the fluidizing medium via a recircu- 
lation unit provided out of the fluidized bed inciner- 
ator. 

2) The controlling step controls the suspension 
density in the freeboard and the volume of recircu- 
lated fluidizing medium by controlling the ration of 
the primary and secondary air. The suspension 
density in the freeboard is preferably kept between 
1.5 kg/m 3 and 10 kg/m 3 . 



1) The fluidized bed incinerator further comprises: 
1) a recirculation unit to separate the particles of 



[0057] With this invention, when the bubbles on the 
surface of the bubbling bed burst, some of the sand par- 
ticles which constitute the fluidizing medium are tossed 
upward, forming a splash zone consisting of a layer of 
discontinuous density over the aforesaid bed region. A 
number of supply units for secondary air are provided at 
different heights in the splash zone, where particles of 
sand separated from the surface by air bubbles are 
floating about. Through one of these units, a control 
device for the secondary air selectively admits air at a 
given height. This creates an entraining region which 
extends as far as the freeboard above the splash zone. 
The particles of fluidizing medium are thus entrained 
and conveyed out of the furnace. 
[0058] Since the freeboard, through which the parti- 
cles of fluidizing medium are being entrained and con- 
veyed, can hold up as many particles as reach it, this 
design greatly increases the suspension density in the 
freeboard as well as its thermal capacity. As a result, it 
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is better able to respond to load fluctuations. 
[0059] By admitting the aforesaid secondary air 
selectively through one of a number of supply units at 
different heights, we can adjust the suspension density 
in the freeboard above the point at which the air enters 
the furnace so that it remains between 1 .5 kg/m 3 and 1 0 
kg/m 3 . More specifically, since the splash zone into 
which the supply units for the secondary air open is cre- 
ated when air bubbles on the bed surface burst, sending 
particles of sand flying up into the air, its density is high- 
est immediately above the surface and decreases as 
the distance from the surface increases. Thus the den- 
sity of the f luidizing medium entrained on the secondary 
air will be greater if the air is admitted closer to the sur- 
face. Admitting air through the lowest channel will yield 
the greatest suspension density in the freeboard. 
[0060] Thus by selecting one of the various supply 
channels for secondary air which are provided at differ- 
ent heights in the furnace, we can adjust the suspension 
density of the sand particles carried to the freeboard by 
the secondary air. More specifically, by selecting an 
appropriate channel for the secondary air and an appro- 
priate means to admit the air, we can adjust the suspen- 
sion density in the freeboard so that it remains within its 
required range, between 1.5 kg/m 3 and 10 kg/m 3 . This 
will allow the furnace to respond to sudden temperature 
spikes resulting from variations in the characteristics of 
the waste material. 

[0061] With this invention, the particles of f luidizing 
medium (i.e., the particles thrown up by the air bubbles) 
entrained and conveyed as described above are sepa- 
rated from the air by a cyclone or other separator device 
placed downstream from the aforesaid entraining area. 
The particles pass through an external recirculation unit 
which includes the aforesaid separator device and are 
returned to the aforesaid bubbling region. In this way the 
combustion heat from the freeboard can be applied to 
the cooler f luidizing medium in the bubbling region so as 
to maintain the required temperature in the sand bed 
and thus reduce the need for auxiliary fuel for that pur- 
pose. 

[0062] In other words, since it is necessary to keep 
the sand in the aforesaid fluidizing region at a constant 
temperature, the fluidizing medium which has absorbed 
the combustion heat in the hotter freeboard is sent back 
to the cooler dense bed of the fluidizing region to supply 
heat to the sand of the bed. This insures that the 
exhaust gas is at the appropriate temperature, and it 
eliminates the need for extra fuel. ' 
[0063] The ratio of primary to secondary air deter- 
mines what quantity of the aforesaid particles which are 
tossed up will be circulated. By adjusting this ratio, we 
can keep the temperature of the fluidizing region con- 
stant. By returning the fluidizing medium which has 
absorbed the combustion heat in the hotter freeboard to 
the cooler dense bed of the fluidizing region, we can 
supply heat to that region. 

[0064] According to the invention disclosed in claim 



6, the fluidized bed incinerator comprises: 1) a splash 
region in which the particles of the fluidizing medium are 
propelled upward when the bubbles on the surface of 
the fluidized sand in the fluidizing region burst by inject- 
5 ing the primary air from the bottom of the fluidized bed 
for fluidizing the sand; 2) a freeboard region provided 
above the splash region; 3) an entraining region in 
which the particles are entrained and conveyed upward 
to the freeboard region by introducing the secondary 
w air; 4) a recirculation unit to separate the particles of the 
fluidizing medium from the mixture of the exhaust gases 
and the fluidizing medium by a separation means, and 
recirculate the fluidizing medium to the fluidizing region; 
and the recirculation unit comprises: 4-1) a sealed pot 
15 provided under said separation means, said sealed pot 
comprising an accumulation region to accumulate the 
fluidizing medium separated by said separation means, 
and a pressurized region to recirculate the fluidizing 
medium into a connecting duct connected to the f luidiz- 
20 ing region by the pressure of the recirculation air intro- 
duced from the bottom of said accumulation region; and 
4-2) a recirculation control means to control the recircu- 
lation air in order to control the quantity of the fluidizing 
medium. 

25 [0065] The fluidized bed incinerator preferably com- 
prises an air control unit to adjust the ratio of the primary 
and secondary air based on the temperature difference 
between the freeboard region and the fluidizing region. 
[0066] This invention comprises a fluidized bed 
30 incinerator for sewage sludge, municipal garbage, or 
other waste with a high moisture content. In this inciner- 
ator, the thermal capacity of the freeboard can be 
increased to respond to load fluctuations so that local or 
momentary temperature spikes due to load fluctuations 
35 can be absorbed. The combustion heat produced in the 
said freeboard is recirculated to help maintain the 
proper temperature in the sand bed, and the suspen- 
sion density in the freeboard can be increased for the 
same purpose. 

40 [0067] With this invention, then, primary air fiuidizes 
a bed region and causes bubbles to form in it. When the 
bubbles on the surface of the bed burst, particles of 
sand are tossed upward to form a splash zone, a layer 
of discontinuous density over the aforesaid bed region. 
45 When secondary air is blown into this splash zone, 
groups of particles separated from the surface by the 
bursting of bubbles are entrained on the secondary air 
and conveyed through the freeboard and out of the fur- 
nace. The suspension density in the freeboard is 
so adjusted by changing the quantity of particles entrained 
by the secondary air, which is accomplished by altering 
the ratio of the aforesaid primary to secondary air. A 
control unit also adjusts the total volume of primary and 
secondary air supplied to the furnace. The suspension 
55 density is controlled by the following means. An appro- 
priate quantity of the sand entrained by the aforesaid 
secondary air and stored temporarily in an external 
recirculation unit is recirculated to adjust the holdup rate 
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of the sand bed in the bubbling region. This results in an 
adjustment of the suspension density in the freeboard. 
[0068] To be more specific, with this invention, the 
volume of air blown into the bottom of the recirculation 
segment of the aforesaid sealed pot is adjusted in order 
to cause the sand bed consisting of sand collected in 
the said recirculation segment to expand. The topmost 
layer of the expanded bed will overflow out of the sealed 
pot and return to the sand bed in the bubbling region. 
This will increase the holdup rate in the bubbling region, 
and as a result the holdup rate in the freeboard will also 
increase, resulting in a greater suspension density. 
[0069] The control unit controls the ratio of primary 
to secondary air. By controlling this ratio, we can control 
the holdup rates in the bed region and the freeboard, 
which are in an inverse relation with each other, and the 
suspension density and quantity of particles in circula- 
tion in response to fluctuations of the combustion char- 
acteristics of the material to be incinerated. 
[0070] If, for example, we increase the proportion of 
primary air, we will increase the quantity of particles 
tossed up from the bed region. This will increase the 
holdup rate in the space above the inlet for the second- 
ary air. It will also increase the suspension density in the 
freeboard and the quantity of particles in circulation. 
[0071] According to the invention disclosed in claim 
8, the fluidized bed incinerator comprises: 1) a splash 
region in which the particles of the f luidizing medium are 
propelled upward when the bubbles on the surface of 
the fluidized sand in the f luidizing region burst by inject- 
ing the primary air from the bottom of the fluidized bed 
for fluidizing the sand; 2) a freeboard region provided 
above the splash region; 3) an entraining region in 
which the particles are entrained and conveyed upward 
to the freeboard region by introducing the secondary 
air; 4) a recirculation unit to separate the particles of the 
fluidizing medium from the mixture of the exhaust gases 
and the fluidizing medium, and recirculate the fluidizing 
medium to the fluidizing region; 5) a buffer tank to store 
the fluidizing medium discharged from an outlet along 
with uncombusted material, which is provided below the 
fluidizing region; and 6) a buffer tank control means to 
control the supplying the fluidizing medium to the fluid- 
izing region based on the temperature in said freeboard 
region depending on the load fluctuation in said fluid- 
ized bed incinerator. 

[0072] According to the invention disclosed in claim 
9, the fluidized bed incinerator comprises: 1) a splash 
region in which the particles of the fluidizing medium are 
propelled upward when the bubbles on the surface of 
the fluidized sand in the fluidizing region burst by inject- 
ing the primary air from the bottom of the fluidized bed 
for fluidizing the sand; 2) a freeboard region provided 
above the splash region; 3) an entraining region in 
which the particles are entrained and conveyed upward 
to the freeboard region by introducing the secondary 
air; 4) a recirculation unit to separate the particles of the 
fluidizing medium from the mixture of the exhaust gases 



and the fluidizing medium, and recirculate the fluidizing 
medium to the fluidizing region; 5) a buffer tank to store 
the fluidizing medium discharged from an outlet along 
with uncombusted material, which is provided below the 

5 fluidizing region; 6) an air control unit to adjust the ratio 
of the primary and secondary air based on the load fluc- 
tuation in said fluidized bed incinerator; and 7) a buffer 
tank control means to control the supplying the fluidizing 
medium to the fluidizing region based on the load f luctu- 

io ation. 

[0073] The air control unit disclosed in claim 9 pref- 
erably controls as follows. 



15 



20 



1) It adjusts the ratio of the primary and secondary 
air based on the temperature difference between 
the freeboard region and the fluidizing region, and 
said buffer tank control means controls the quantity 
of the fluidizing medium for providing to the fluidiz- 
ing region based on the temperature at a predeter- 
mined location in said fluidized bed incinerator. 

2) It adjusts the ratio of the primary and secondary 
air so that the sum of the quantities of primary air 
and secondary air remains constant. 



25 [0074] With this invention, primary air fluidizes a 
bed region and causes bubbles to form in it. When the 
bubbles on the surface of the bed burst, particles of 
sand are tossed upward to form a splash zone, a layer 
of discontinuous density over the aforesaid bed region. 
30 When secondary air is blown into this splash zone, 
groups of particles separated from the surface by the 
bursting of bubbles are entrained on the secondary air 
and conveyed through the freeboard and out of the fur- 
nace. The suspension density in the freeboard is 
35 adjusted by changing the quantity of particles entrained 
by the secondary air, which is accomplished by altering 
the ratio of the aforesaid primary to secondary air. More 
specifically, the suspension density is adjusted to 
remain between 1 .5 kg/m 3 and 10 kg/m3. The fluidizing 
40 medium which has been discharged 1rom the furnace 
via the outlet on the bottom of the fluidized bed is stored 
in a buffer tank. In order to achieve a wide range of sus- 
pension densities, these sand particles are supplied to 
the furnace as needed to respond to the state of the 
45 load. This constitutes an internal recirculation unit for 
the sand which allows the suspension density in the 
freeboard and the quantity of particles in circulation to 
be adjusted over a wide range of values. 
[0075] To be more specific, the fluidizing medium is 
so passed through a vibrating sieve or other separation 
device on the outlet for uncombusted material on the 
bottom of the fluidized bed. The filtered fluidizing mate- 
rial is collected in a buffer tank. In response to the state 
of combustion in the freeboard, an appropriate quantity 
55 of medium is supplied to the combustion chamber of the 
furnace, i.e., to the freeboard. In this way the holdup 
rate in the freeboard is adjusted and the suspension 
density and the quantity of particles in circulation is 
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increased. A wide range of responses is thus available 
for load fluctuations. 

[0076] With this invention, because the sand is kept 
circulating through the freeboard so that its thermal 
capacity is available to absorb temperature fluctuations s 
which occur there, the temperature in the furnace can 
be kept constant despite load fluctuations, and the fur- 
nace can operate in a stable fashion. Because the hot- 
ter medium is returned to the dense bed, the sand in the 
bed can be kept at the required temperature, and the w 
load consisting of moisture content on the floor of the 
furnace can be increased. This invention reduces the 
quantity of exhaust gas and the required fuel cost, and 
it insures that the exhaust gas will be at the required 
temperature. ?5 
[0077] Because the ratio of primary to secondary 
air is controlled, the holdup rates in the bed region and 
the freeboard, which are in an inverse relation with each 
other, can be adjusted in response to variations in the 
combustion characteristics of the material to be inciner- 20 
ated. To be more specific, the suspension density is 
kept between 1 .5 kg/m 3 and 10 kg/m 3 . 
[0078] According to the invention disclosed in claim 
12, the fluidized bed incinerator comprises: 1) a bubble 
fluidizing region having a dense region and a bubbling 25 
region above said dense region; 2) a splash region in 
which the particles of the fluidizing medium are pro- 
pelled upward when the bubbles on the surface of the 
fluidized sand in said bubble fluidizing region burst by 
injecting the primary air from the bottom of the fluidized 30 
bed for fluidizing the sand; 3) a freeboard region pro- 
vided above the splash region; 4) an entraining region in 
which the particles are entrained and conveyed upward 
to the freeboard region by introducing the secondary 
air; 5) a recirculation unit to separate the particles of the 35 
fluidizing medium from the mixture of the exhaust gases 
and the fluidizing medium, and recirculate the fluidizing 
medium to said dense region; and 6) a waste inlet 
through which the waste material is loaded, which is to 
be incinerated in said bubble fluidizing region having 40 
said dense region and said bubbling region. 
[0079] The fluidized bed incinerator above prefera- 
bly comprises a fluidizing medium inlet for returning said 
fluidizing medium placed at the same height as said 
waste inlet or at the lower position than said waste inlet, 45 
and an auxiliary burner. 

[0080] With this invention, the waste material is 
introduced into the dense bed in the region which is flu- 
idized by blowing in air. Combustion occurs in the deep 
portion of the fluidized bed, including the said dense so 
bed and the bubbling region on top of it. The material is 
thus combusted in the sand bed, which has a high ther- 
mal capacity. This insures that stable combustion can 
be maintained. 

[0081 ] The waste material is introduced directly into 55 
the very hot fluidized bed below the vigorously fluidized 
bubbling region, whose surface remains in a boiling 
state. The waste is pulverized when it experiences the 



explosive force of momentary volatilization of its mois- 
ture component and distributed uniformly throughout 
the entire bubbling region above the bed. Thus even the 
dense bed on the bottom of the bed region can be used 
efficiently for combustion. This results in a wider range 
of permitted loads. 

[0082] Because the waste material is supplied to a 
relatively deep portion of the fluidized bed, only a small 
proportion of its volatile component is lost to the free- 
board. The greater portion is combusted in the sand 
bed, which has a higher thermal capacity. This design 
allows the furnace to absorb load fluctuations and main- 
tain a stable temperature. 

[0083] As was discussed above, the waste material 
which is introduced into the middle of the fluidized bed, 
in an area which is fluidized at a high temperature and 
under extreme pressure, experiences the tremendous 
force produced by instantaneous volatilization of its 
moisture component. This prevents the formation of 
clods of melted ash which would impede fluidity. 
[0084] Placing the inlet for medium being returned 
from the external recirculation unit and the installation 
for the auxiliary burner at the same level or lower than 
the inlet for the aforesaid waste material prevents the 
temperature of the fluidized bed from dropping when 
waste is loaded into the aforesaid dense bed. 

Brief Description of the Drawings 

[0085] 

Figure 1 illustrates the rough sketch of the fluidized 
bed incinerator according to the first preferred 
embodiment of this invention. 
Figure 2 illustrates the time chart of the first pre- 
ferred embodiment. 

Figure 3 illustrates the rough sketch of the fluidized 
bed incinerator according to the second preferred 
embodiment of this invention. 
Figure 4 illustrates the operational sketch of the flu- 
idized bed incinerator according to the second pre- 
ferred embodiment of this invention. 
Figure 5 illustrates the time chart (1) of the second 
preferred embodiment. 

Figure 6 illustrates the operational sketch (2) of the 
fluidized bed incinerator according to the second 
preferred embodiment of this invention. 
Figure 7 illustrates the time chart (2) of the second 
preferred embodiment. 

Figure 8 illustrates the time chart (3) of the second 
preferred embodiment. 

Figure 9 illustrates the rough sketch of the fluidized 

bed incinerator according to the third preferred 

embodiment of this invention. 

Figure 10 illustrates how the fluidizing sand flows in 

the third and fourth preferred embodiments of this 

invention. 

Figure 11 illustrates the time chart (1) of the third 
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preferred embodiment. 

Figure 12 illustrates the time chart (2) of the third 
preferred embodiment, and the fourth and fifth pre- 
ferred embodiments which will be described later. 
Figure 13 illustrates the rough sketch of the fluid- 
ized bed incinerator according to the fourth pre- 
ferred embodiment of this invention. 
"Figure 14 illustrates the operational sketch of the 
f luidized bed incinerator according to the fourth pre- 
ferred embodiment of this invention. 
Figure 15 illustrates the time chart (1) of the fourth 
preferred embodiment. 

Figure 16 illustrates the rough sketch of the f luid- 
ized bed incinerator according to the fifth preferred 
embodiment of this invention. 
Figure 17 illustrates the enlarged sketch of the 
essential portion of the fluidized bed incinerator 
according to the fifth preferred embodiment of this 
invention. 

Figure 18 illustrates the rough sketch of the fluid- 
ized bed incinerator according to the prior art. 



(Captions) 
[0086] 

011 : fluidized bed incinerator, 100 : Recirculation 
unit, 101 : Ratio control unit, 10 : Fluidizing region, 
10d : Fluidized sand, 12 : Entraining area, 12b : 
Splash region, I2d : Dense bed, 13 : Freeboard 
region, 14 : Separator, 15 : Sealed pot, 15a : 
Region of sealed pot, 15b : Pressurized region, 15c 
: duct, 16 : Inlet for waste material, 17 : Gas supply 
system, 17a, 17b : blowers, 18 : Primary air, 18c : 
Distribution device, 19 : Secondary air, 18b, 19b : 
Dampers, 20, 21 : Air channels, 22, 23, 24 : Chan- 
nels, 22a. 23a, 24a : Inlets for the secondary air, 
22b, 23b, 24b : Dampers, 28 : Buffer tank, 30 : Con- 
trol unit 

Preferred Embodiments of the Invention 

[0087] In this section we shall give a detailed expla- 
nation of the invention with reference to the drawings, 
using preferred embodiments for the purpose of illustra- 
tion. To the extent that the dimensions, materials, shape 
and relative position of the components described in 
these embodiments need not be. definitely fixed, the 
scope of the invention is not limited to the embodiments 
as described herein, which are meant to serve merely 
as examples. 

(First Preferred Embodiment) 

[0088] In Figure 1 . 01 1 is a fluidized bed incinerator. 
In the first embodiment, it is constructed as follows. 
[0089] 10 is the region in the lowest part of the 
tower which contains sand fluidized by air bubbles. Pri- 



mary air 18 is injected into the bottom of this region via 
device 18c to disperse the fluidizing gas. Fluidizing 
sand 10d, the silica or other sand which serves as the 
fluidizing medium, is fluidized when air bubbles form in 
5 dense bed 1 2d. 

[0090] 12 is the region above the said fluidizing 
region 10 in which the particles are entrained. When the 
bubbles on the surface 12a of the fluidized sand in the 
said region 10 burst, particles are propelled upward into 
w splash zone 12. Secondary air 19 is introduced into 
splash zone 12 via aperture 19a, and the particles are 
entrained and conveyed upward into freeboard 13. 
[0091 ] 1 00 is the recirculation unit connected to the 
outlet of the aforesaid entraining region 12. The fluidiz- 
15 ing medium which is driven up into splash zone 1 2b by 
the aforesaid secondary air 19 is entrained and con- 
veyed through freeboard 13 and out of the furnace. It 
travels through separator 14, a cyclone or the like to 
separate the sand or other medium from the exhaust 
so gases, then through sealed pot 15 and duct 15c, and is 
recirculated to the aforesaid fluidizing region 10. 
[0092] 101 is a control unit consisting of gas supply 
system 1 7 and dampers 1 8b and 1 9b. It adjusts the ratio 
of the aforesaid primary and secondary air. 
25 [0093] Air channels 20 and 21 are connected to the 
bottom of the aforesaid sealed pot 15. Air channel 20 
has a damper 20b and air channel 21 a damper 21b to 
open and close it. 

[0094] The aforesaid gas supply system 1 7, which 
30 comprises control unit 101, employs blower 1 7a to send 
a fixed quantity of air (primary air 1 8 + secondary air 1 9) 
through dampers 18b and 19b. This unit controls the 
ratio of primary and secondary air which it forces 
through inlets 18a and 19a. 
35 [0095] The primary air 18 controlled by the afore- 
said damper 18b is injected into the lower portion of the 
tower through inlet 18a and distributed by dispersion 
device 18c. The sand 10d in the aforesaid fluidizing 
region 10 begins to be fluidized at the initial fluidizing 
40 velocity, and it creates splash zone 1 2b and bed surface 
12a. 

[0096] In incinerator 01 1, the action of damper 18b 
in the aforesaid gas supply system 1 7 can be controlled 
to increase the velocity of the aforesaid primary air 1 8 in 

45 the tower. When this velocity exceeds the fluidizing 
threshold, bubbles form in fluidizing region 10. The said 
bubbles agitate the interior of the mass of sand, forming 
a non-uniformly fluidized bed. At the same time, fluid- 
ized sand 10d is launched upward from surface 12a of 

so fluidized bed 10 to create the aforesaid splash zone 
12b. 

[0097] The aforesaid splash zone 12b has an inlet 
19a for the aforesaid secondary air. This inlet creates a 
space of discontinuous density with respect to the bed 
55 surface 12a below it. Inlet 16. through which the sub- 
stance to be incinerated (carbon) is loaded, is an appro- 
priate distance above the aforesaid bed surface 12a. 
[0098] Exhaust gas vent 14a is on the top of the 
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aforesaid separator 14, a cyclone or the like. Through it, 
the exhaust gas 35 from which the entrained sand 10d 
has been separated is released to the exterior. 
[0099] In a combustion furnace of this sort, the 
sand 10d which is separated from the surface of the bed 
by air bubbles and suspended in the atmosphere is 
entrained on the secondary air 19 introduced via inlet 
+9a. It is conveyed into freeboard 13 and eventually 
reaches separator 14, a cyclone or other device located 
downstream from the said freeboard 13. Once the sand 
has been separated from it, gas 35 is exhausted via 
vent 14a on the top of the separator. The sand lOd sep- 
arated from the gas by the aforesaid separator 1 4 accu- 
mulates in region 15a of sealed pot 15, which is below 
the separator. 

[0100] In the aforesaid sealed pot 15, the air sup- 
plied by channels 21 and 22 on the bottom of the pot 
causes sand 10d to collect in region 15a, while the sand 
10d which has accumulated in pressurized region 15b is 
recirculated to dense bed 12d in fluidizing region 10! 
[0101] When this sort of fluidized bed incinerator is 
in operation, dampers 18b and 19b of gas supply sys- 
tem 17 can be adjusted in such a way as to respond to 
variations in the fuel characteristics of the sludge or 
other substance to be burned and the quantity loaded. 
In this way the total quantity of primary air 18 and sec- 
ondary air 19 can be controlled, and the quantity of 
sand 10d to be recirculated can be determined accord- 
ing to the characteristics of the waste material and the 
quantity loaded. 

[0102] By adjusting the ratio of primary air 18 and 
secondary air 19, we can change the holdup and the 
density of the suspension of sand lOd in fluidizing 
region 10, splash region 12b and freeboard 13, and we 
can control the temperature of freeboard 13 and fluidiz- 
ing region 10. For example, in order to achieve a sus- 
pension density between 1.5 kg/m 3 and 10 kg/m 3 , the 
ratio of primary air 18 to secondary air 19 is set some- 
where between 1 to 2 and 2 to 1 . 
[01 03] The time chart shown in Figure 2 shows how 
the ratio of primary air 1 8 to secondary air 1 9 is control- 
led in order to keep the difference between T 1f the tem- 
perature in freeboard 13 as measured by a 
thermometer in the said freeboard, and T 2 , the temper- 
ature in fluidizing region 1 0 as measured by a thermom- 
eter in that region, at a given value. Monitoring these 
temperatures allows us to check whether the suspen- 
sion density in freeboard 13 and the quantity of medium 
recirculated are being maintained at the proper values. 
[0104] When the system is in operation, the ratio is i 
controlled so that the sum of the quantities of primary air 
18 and secondary air 19 remains constant, the quantity 
of sand 10d being recirculated remains constant, and 
the quantity of the aforesaid fluidizing air which is sent 
to sealed pot 1 5 remains constant. * 
[0105] In Figure 1 , the blower 17b which sends air 
to sealed pot 15 is a discrete device; however, it would 
also be acceptable for blower 1 7a to have a branching 



pipe going to the said sealed pot 1 5. 
[0106] As can be seen in Figure 2, when the differ- 
ence AT (T 1 -T 2 ) between the aforesaid tempera- 
tures and T 2 exceeds a given value, the damper 18b 
5 for primary air 18 is opened more and the damper 19b 
for secondary air 19 is closed more. This increases the 
proportion of primary air 18 and decreases the propor- 
tion of secondary air 19. The temperature T 2 of fluidiz- 
ing region 10 increases, and the temperature T-j of 
io freeboard 13 decreases. 

[01 07] When the difference AT (T 1 - T 2 ) between 
temperatures T-, and T 2 falls below a given value, the 
damper 18b for primary air 18 is closed more and the 
damper 19b for secondary air 19 is opened more. This 
is decreases the proportion of primary air 18 and 
increases the proportion of secondary air 19. The tem- 
perature T 2 of fluidizing region 10 decreases, and the 
temperature T-j of freeboard 13 increases. 

20 (Second Preferred Embodiment) 

[0108] In Figures 3 and 4, 011 is a fluidized bed 
incinerator. The second preferred embodiment of this 
invention has the following configuration. The said fluid- 
25 ized bed incinerator 01 1 consists of: a fluidizing region 
10, in which primary air 18 is blown into the bed contain- 
ing sand 10d, the fluidizing medium consisting of silica 
or the like, through gas dispersion device 18c, which is 
located on the bottom of the tower, in order to f luidize 
30 the sand; an entraining area 12, into which secondary 
air 25 is introduced, to entrain and convey the aforesaid 
sand 10d into the freeboard 13 above it, from any of 
channels 22, 23 or 24 through 1 or more, as selected by 
control unit 30, of inlets 22a, 23a or 24a, provided at 
35 three heights on the wall of the tower in splash zone 
12b, into which sand 10d is carried when bubbles on 
surface 12a of the said fluidized bed 10 burst; recircula- 
tion unit 100, which entrains and conveys the aforesaid 
sand lOd which has been flung into splash zone 1 2b, on 
40 air introduced through whichever of the said channels 
22, 23 or 24 was selected, through the freeboard 13 
above it and out of the furnace, passes the sand 
through separator 14, a cyclone or other device to sep- 
arate the sand from the exhaust gas, sealed pot 1 5, and 
45 duct 15c, and recirculates it to the aforesaid fluidizing 
region 10; control unit 101, which consists of dampers 
18b and 25b in gas supply system 17, and which 
adjusts the proportion of the aforesaid primary air and 
secondary air 25; and a selection device, consisting of 
so dampers 22b, 23b and 24b, which select, according to 
control unit 30, one or more of inlets 22a, 23a or 24a to 
admit the secondary air 25 supplied by means of the 
aforesaid damper 25b. 

[0109] The aforesaid control unit 30 detects tem- 
)5 peratures T 1 and T 2 in freeboard 13 and the aforesaid 
fluidizing region 10 by temperature detectors 30a and 
30b, respectively. It selectively opens or adjusts the 
opening of dampers 22b, 23b and 24b in order to keep 
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the temperature differential AT (T 1 - T 2 ) between the 
two regions in a specified range. 
[0110] While opening or closing dampers 18b and 
25b to control the proportion of primary air 18 to sec- 
ondary air 25, the aforesaid gas supply system 17 5 
admits primary air to inlet 18a and selectively admits 
secondary air to inlets 22a, 23a or 24a. 
[01T1] By controlling dampers 18b and 25b, we can 
determine according to a rule the total quantity of the 
aforesaid primary and secondary air which will be 10 
admitted to the furnace to correspond to the character- 
istics and the quantity of waste product. The primary air 
18 whose proportion is controlled by the aforesaid 
damper 18b is injected into the bottom of the tower 
through inlet 1 8a and distributed by device 1 8c. When it is 
reaches the fluidizing speed, the sand 10d in fluidizing 
region 10 begins to act as a fluid, forming splash zone 
1 2b and fluid surface 1 2a. 

[01 1 2] In other words, damper 1 8b can be adjusted 
to increase the velocity of the aforesaid primary air 18. 20 
When this velocity exceeds the initial bubbling velocity, 
bubbles begin to form in fluidizing region 10. These bub- 
bles agitate the sand in the interior of the bed, forming a 
non-uniform f luidized bed. 

[01 1 3] If the velocity of the air is further increased, 25 
particles of sand 10d will begin to be thrust upward from 
fluid surface 12a in region 10. forming splash zone 12b 
above the bed. 

[0114] In this case, damper 18b of gas supply sys- 
tem 17 is adjusted to increase or decrease the propor- 30 
Won of the aforesaid primary air 1 8 in order to control the 
temperature of fluidizing region 10 and the suspension 
density in freeboard 13. To be more specific, the density 
of the suspension is kept between 1.5 kg/m 3 and 10 
kg/m 3 . ~ 35 

[01 1 5] In the aforesaid splash zone 1 2b, as was dis- 
cussed earlier, there are three inlets for secondary air, 
22a, 23a and 24a, at three different heights on the wall 
of the tower. These form a space of inhomogeneous 
density with respect to the bed surface 12a below it. 40 
Inlet 16, through which the substance to be incinerated 
(waste material) is loaded, is an appropriate distance 
above the aforesaid bed surface 12a. 
[0116] Exhaust gas vent 14a is on the top of the 
aforesaid separator 14, which consists of a cyclone. 45 
Through it, the exhaust gas 35 from which the entrained 
sand 10d has been separated is released to the exte- 
rior. 

[0117] In splash zone 12b there are three inlets for 
secondary air, 22a, 23a and 24a, each with its respec- so 
tive damper 22b, 23b and 24b. These inlets and damp- 
ers form an inlet unit extending vertically along the wall 
of the tower. The secondary air 25 whose proportion is 
controlled by damper 25b is admitted to the furnace 
selectively by adjusting dampers 22b, 23b and 24b in 55 
tandem, or by adjusting each damper separately. By 
adjusting these dampers, as will be discussed shortly, 
control unit 30 can maintain the differential between 



detected temperatures T 1 in freeboard 13 and T 2 in flu- 
idizing region 1 0 at an appropriate value. In this way the 
control unit can insure that the suspension density in 
freeboard 13 and the recirculation rate remain at their 
proper values. Entraining region 12 is formed in splash 
zone 12b, with its three inlets (22a, 23a and 24a) for 
secondary air 25, and in freeboard 13 above the splash 
zone. 

[0118] In this apparatus, when the bubbles in 
splash zone 12b burst, some of the sand particles 10d 
which constitute the fluidizing medium are separated 
from the surface on which they are floating, causing the 
secondary air 25, which is controlled as to its proportion 
of the air mixture, to form a splash zone with a vertical 
differential. The secondary air is selectively admitted via 
one or more of channels 22 (upper), 23 (middle) or 24 
(lower) and conveyed into freeboard 13 along with pri- 
mary air 18. When it passes through separator 14, a 
cyclone or some similar device located beyond the 
tower, the exhaust gas 35, as was discussed earlier, is 
released through vent 14a on the top of the separator. 
The sand 10d recovered in separator 14 accumulates in 
region 15a of the sealed pot 15 below the separator. 
[0119] Blower 17b injects air into the aforesaid 
sealed pot 15 through channels 20 and 21, causing the 
sand to accumulate in region 15a. The sand 10d which 
finds its way into pressurized region 15b is recirculated 
through duct 10c to fluidizing region 10. 20b and 21b 
are the dampers which open and close the said air 
channels 20 and 21. 

[01 20] When this f luidized bed incinerator operates, 
dampers 18b and 25b of gas supply system 17 are 
adjusted in response to the fuel characteristics and 
quantity of the sludge or other substance loaded via 
inlet 16. In this way the total quantity of primary air 18 
and secondary air 25 is controlled, the quantity of sand 
10d which will recirculate is determined, and the propor- 
tion of primary to secondary air is established. 
[0121] The ratio of primary air 18 to secondary air 
25, which is regulated by adjusting dampers 18b and 
25b, sets the holdup rate and the suspension density of 
sand 100 in bed region 10, splash zone 12b and free- 
hold 13, and it controls the temperature in freehold 13 
and bed region 10. For example, in order to achieve a 
suspension density between 1.5 kg/m 3 and 10 kg/m 3 , 
the ratio of primary air 18 to secondary air 19 is set 
somewhere between 1 to 2 and 2 to 1 . 
[01 22] In response to the fuel characteristics of the 
sludge or other substance loaded into the furnace, an 
appropriate proportion of secondary air 25 is supplied 
selectively through upper, middle and lower channels 
22, 23 and 24. The fundamental quantity is supplied via 
middle channel 23. It would, of course, be possible to 
control the proportion by admitting two or more streams 
of secondary air in parallel via different channels. 
[0123] The control state of the temperature 
achieved by adjusting the ratio of primary air 18 to sec- 
ondary air 25 in this second embodiment is explained by 
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the time chart in Figure 8. 

[0124] In this time chart, the control state pictured 
for the ratio of primary air 18 to secondary air 25 is such 
that the difference between the temperature in free- 
board 13 and the temperature T 2 in bed region 10 is a 
given value. 

[01 25] A control signal from control unit 30 opens or 
doses dampers 18b and 25b. The sum of the quantities 
of primary air 18 and secondary air 25, the quantity of 
sand lOd which is in circulation, and the quantity of air 
sent to sealed pot 15 are all kept constant so that the 
quantity of sand 10d which is recirculated is kept con- 
stant. 

[0126] As can be seen in Figure 8, when 
AT (T 1 - T 2 ) exceeds a given value, a signal from con- 
trol unit 30 causes damper 18b for primary air 18 to 
open more and damper 25b for secondary air 25 to 
close more. This increases the proportion of primary air 
18 in the mixture, and decreases the proportion of sec- 
ondary air 25, which raises the temperature T 2 of bed 
region 10 and lowers the temperature T 1 of freeboard 
13. 

[0127] In contrast, when AT (T 1 - T 2 ) falls below a 
given value, a signal from control unit 30 causes 
damper 18b for primary air 18 to close more and 
damper 25b for secondary air 25 to open more. This 
decreases the proportion of primary air 18 in the mix- 
ture, and increases the proportion of secondary air 25, 
which lowers the temperature T 2 of bed region 10 and 
raises the temperature T t of freeboard 13. 
[0128] The ratio of primary air 18 to secondary air 
25 is adjusted by the aforesaid control device, which 
changes the holdup rate and the suspension density in 
bed region 10 and freeboard 13, so that these quantities 
countervary in proportion to each other in the two 
regions. The sand is recirculated to the aforesaid bed 
region 10 by way of sealed pot 15 and duct 15c in order 
to control the temperature of region 10. Since their fuel 
characteristics will vary widely, such a roundabout con- 
trol method will not provide swift and accurate control for 
the incineration of substances like sludge which contain 
a great deal of moisture. 

[0129] This embodiment addresses just such a 
problem. As can be seen in the time chart in Figure 5, 
the ratio of primary air 18 to secondary air 25 is control- 
led as in Figure 8 or kept constant, and a quantity of 
secondary air 25 which is adjusted to maintain the 
proper proportion can be admitted selectively via upper, 
middle and lower channels 22, 23 and 24 to control the 
temperatures swiftly and accurately. 
[0130] In the time chart shown in Figure 5, second- 
ary air is admitted via middle channel 23 by opening 
middle damper 23b and closing dampers 22b and 24b 
above and below it. If, in this state, the aforesaid tem- 
perature differential AT (T , -T 2 ) exceeds its upper 
limit value, middle damper 23b will be closed and lower 
damper 24b will be opened, causing secondary air 25 to 
be admitted past damper 24b via lower inlet 24a. The 



aforesaid sand 10d will be flung upward from the vicinity 
of bed surface 12a, on which the aforesaid particles 
comprising the many layers of sand 10d are floating. 
These particles will be entrained and carried into free- 
5 board 13. The holdup rate will increase and the suspen- 
sion density in freeboard 13 will increase to mitigate the 
excessive temperature spike, with the result that 
AT (T 1 - T 2 ) will drop below its upper limit value. After 
it drops, the system reverts to its previous control state, 
w with middle damper 23b open and lower damper 24b 
closed. 

[0131] If the aforesaid temperature differential 
A~T (T 1 - T 2 ) falls below its lower limit value, middle 
damper 23b will be closed and upper damper 22b will 
is be opened, causing secondary air 25 to be admitted 
past damper 22b via upper inlet 22a. The quantity of 
sand 10d in freeboard 13, i.e., the number of particles 
entrained and conveyed into the freeboard, will 
decrease, and the holdup rate and suspension density 
20 in freeboard 13 will fall, with the resultthat AT (T 1 - T 2 ) 
will rise above its lower limit value. After it rises, the sys- 
tem reverts to its previous control state, with middle 
damper 23b open and upper damper 22b closed. 
[0132] In Figure 5, the sum of the quantities of pri- 
25 mary air 1 3 and secondary air 25 remains constant and 
the quantity of air injected into sealed pot 15 remains 
constant, just as in Figure 8. 

[0133] To prevent the dampers from being opened 
and closed repeatedly in response to severe load fluctu- 
30 ations, in addition to the control operations shown in 
Figure 8, the quantity of secondary air can also be 
adjusted by opening or closing inlet 25 via damper 25b 
when AT exceeds its upper limit value continuously over 
a specified period of time. Alternatively, two or all three 
35 of the inlets may be closed or opened simultaneously by 
turning their aforesaid dampers on or off as needed. 
[0134] In Figure 6, upper and lower channels 22 
and 24 admit the aforesaid secondary air 25. Air may 
thus be admitted as needed to respond to specific cir- 
40 cumstances. In the drawing, inlets 22a and 24a are 
arrayed vertically in splash zone 12b. Temperatures T-j 
and T 2 in freeboard 13 and bed region 10. respectively, 
are detected by temperature detectors 30a and 30b, 
respectively. Control unit 3 adjusts dampers 22b and 
45 24b to fully open, 50% or fully closed so as to insure that 
the temperature differential AT between the two regions 
remains in the given range. 

[0135] In the time chart shown in Figure 7, the 
device in Figure 6 has both its upper and lower dampers 
so 22b and 24b 50% open so that secondary air 25 is 
admitted via both channels 22 and 24. If, in this state, 
the aforesaid temperature differential AT (T 1 - T 2 ) 
exceeds its upper limit value, upper damper 22b is fully 
closed and lower damper 24b is fully opened, causing 
55 secondary air 25 to be admitted only past damper 24b 
via lower inlet 24a. This will cause AT (T 1 - T 2 ) to drop 
below its upper limit value. After it drops, dampers 22b 
and 24b revert to their original control state of 50% 
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open. 

[0136] If the aforesaid temperature differential 
AT(T 1 -T 2 ) falls below its lower limit value, lower 
damper 24b is fully closed and upper damper 22b is 
fully opened, causing secondary air 25 to be admitted 
only past damper 22b via upper inlet 22a. This will 
cause the rate at which the aforesaid sand particles are 
conveyed into freeboard 13 to drop, resulting in a lower 
holdup rate and a lower suspension density in the free- 
board, and AT (T 1 - T 2 ) will climb above its lower limit 
value. After it climbs, the system reverts to its original 
control state. 



(Third Preferred Embodiment) 

[0137] In Figure 9, 01 1 is a fluidized bed incinerator 
which is the third preferred embodiment of this inven- 
tion. This incinerator has the following configuration. 
[0138] The said fluidized bed incinerator 011 has 
the following components. Fluidizing region 10 contains 
a mass of sand 10d, consisting of silica or some similar 
substance to serve as the fluidizing medium. Region 10 
has a dense bed 1 1 on which static bed 12c is formed. 
Primary air 18 is blown into dense bed 11. The interior 
of the said dense bed 1 1 is fluidized by air bubbles and 
forms fluid surface 12a. As the bubbles burst, the parti- 
cles of sand are thrust upward to form splash zone 12b. 
Secondary air 19, which entrains and conveys the 
grains of sand to the aforesaid splash zone, is admitted 
to the furnace and conveys the particles which serve as 
the fluidizing medium into freeboard 13, located above 
the fluidizing region. 

[0139] The said fluidized bed incinerator 011 also 
has a separator 14, a cyclone or other device which 
conveys the aforesaid entrained fluidizing medium out 
of the furnace, separates it from the gas and collects it; 
an external recirculation unit 105, consisting of sealed 
pot 15, which recirculates the collected fluidizing 
medium, by way of duct 15c, to dense bed 11 in the 
aforesaid fluidizing region 10; a blower 17a, which con- 
trols the total quantity of the aforesaid primary air 18 
and secondary air 19; control system 25a, which con- 
trols the ratio of primary air 18 to secondary air 19; a 
blower 17b, which sends air into the aforesaid sealed 
pot 15; and a gas supply system 17, which consists of 
control system 25b. 

[0140] Temperature gauges T-, and T 2 measure the 
temperature in the aforesaid freeboard 13 and fluidizing 
region 10, respectively. Control systems 25a and 25b of 
gas supply system 17 are controlled according to the 
temperatures detected. 

[0141] The aforesaid gas supply system 1 7, as was 
discussed earlier, consists of blowers 17a and 17b and 
the control systems 25a and 25b which control the air 
supplied by these blowers. 

[0142] In control system 25a, the air propelled by 
blower 17a can be adjusted by opening or closing 
dampers 18b and 19b to change the ratio of primary to 



secondary air. 

[0143] In control system 25b, the air propelled by 
blower 17b can be adjusted by opening or closing 
dampers 20b and 21b to execute the control we shall 
5 discuss shortly. 

[0144] The total quantity of primary air 18 and sec- 
ondary air 19, which is the sum of primary air 18, the 
aforesaid fluidizing air, and secondary air 19, the 
entraining air, is controlled by the quantity of air supplied 
10 by blower 17a. Primary air 18, whose proportion is con- 
trolled by damper 18b, is distributed into the lower por- 
tion of the tower by distribution device 18c after entering 
through inlet 18a. When the air reaches the initial fluid- 
izing velocity, sand 10d, the fluidizing medium constitut- 
15 ing dense bed 11 in fluidizing region 10, begins to act 
like a fluid, forming a uniform fluidized bed with a sur- 
face 12a. The velocity of the air in the tower is increased 
until it exceeds the velocity for air bubble fluidization. 
The bubbles which are generated agitate the interior of 
20 the bed, causing it to assume a state of non-uniform flu- 
idization, and forming bubble-fluidized region 10. This 
makes it possible for sand particles to be thrust upward 
when the bubbles on the aforesaid surface 12a burst, 
thus creating splash zone 12b. 
25 [01 45] In this case, adjusting damper 1 8b of control 
system 25a, which is part of the aforesaid gas supply 
system 1 7 will increase or decrease the ratio of the said 
primary air 18 to secondary air 19. By increasing or 
decreasing the temperature in region 10 and the quan- 
30 tity of circulating particles which pass through freeboard 
13, we can control the suspension density in the said 
freeboard 13. 

[0146] The secondary air 19 which is decreased or 
increased by adjusting damper 19b in response to the 

35 increase or decrease of primary air 18 by the control 
operation described above entrains and conveys the 
particles of medium thrown up into splash zone 12b. 
When the appropriate suspension density has been 
achieved with respect to the aforesaid freeboard 13 to 

40 compensate for load variation, the aforesaid particles 
are collected by external recirculation unit 105, which 
consists of separator 14 and sealed pot 15. The parti- 
cles which are collected are recirculated as needed to 
dense bed 11 in the aforesaid fluidizing region 10 by 

45 way of duct 15c. The combustion heat from freeboard 
13 is also recirculated to prevent the combustion tem- 
perature in region 1 0 from slipping so as to maintain sta- 
ble combustion. 

[0147] When the aforesaid particles are recircu- 
so lated to dense bed 1 1, the quantity of sand 10d in the 
dense bed is increased. When the quantity of sand 
increases, the holdup rate in the combustion chamber in 
freeboard 13 also increases, as is shown in Figure 10. 
The suspension density in the said freeboard 13 can 
55 actually be adjusted so that it is between 1 .5 kg/m 3 and 
10 kg/m 3 . Local or momentary temperature abnormali- 
ties (actually, temperature spikes) due to load fluctua- 
tions can be addressed by adjustment of the 
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suspension density, which is accomplished by changing 
the ratio of the aforesaid primary air 18 to secondary air 
19. In this way such fluctuations can be reliably 
absorbed. 

[0148] In order to make it possible to adjust the sus- 5 
pension density in freeboard 13 and the quantity of par- 
ticles recirculated by controlling the pressure in the 
aforesaid sealed pot 15, the pot is divided by a vertical 
wall into two regions. These are region 15a, where the 
particles captured by the said separator 1 4 accumulate io 
when air is blown into the region below the separator via 
channel 21 ; and region 1 5b, on the same side of the pot 
as duct 15c, from which region the accumulated parti- 
cles are recirculated to dense bed 1 1 via duct 15 when 
air is blown into the region via channel 20. Below is 
regions 15a and 15b are dampers 20b and 21b, respec- 
tively. The air to control the accumulation of the sand 
and the air to control its recirculation can be applied 
independently through channels 21 and 20. 
[0149] The aforesaid recirculation air 20 is blown 20 
into region 15b from beneath according to the adjust- 
ment of damper 20b. This causes the volume of the bed 
material in region 15b to increase. The surface of the 
bed rises from 22a to 22b, causing particles to overflow 
into duct 1 5c and return to dense bed 11. 25 
[0150] When sand is recirculated as described 
above, the quantity of sand 10d in dense bed 11 is 
increased. As a result, the holdup rate in the combus- 
tion chamber rises and the suspension density in free- 
hold 13 increases, thus compensating for sudden load 30 
fluctuations. 

[0151] When a fluidized bed incinerator 011 with 
this configuration operates, the suspension density 
resulting from the holdup rate of the sand (i.e., the fluid- 
izing medium) in freeboard 13 is preset to range from 35 
1.5 kg/m 3 to 10 kg/m 3 . The average mass flow velocity 
Gs of the particles (i.e., of the fluidized sand) is set 
according to the expected temperature drop of the 
exhaust gas (the temperature of the exhaust gas is 
between 800 and 1000° C) when sand is added to the 40 
chamber (the specific heat of the sand is 0.2 Kcal/Kg° 
C), and the height at which secondary air 19 is to be 
injected is determined. The total quantity of primary air 
18 and secondary air 19 needed to fully combust the 
waste material is determined according to a rule. The 45 
quantity of particles to be recirculated varies with the 
suspension density. 

[0152] From the upper and lower limits of the sus- 
pension density, the ratio of primary air 18 to secondary 
air 19 is set somewhere between one to two and two to so 
one. 

[0153] The airflow obtained from blower 17a in the 
aforesaid gas supply system 1 7 is divided by dampers 
18b and 19b in control system 25a into primary air 18 
and secondary air 19. The airflow from blower 17b is 55 
adjusted by dampers 21b and 20b in control system 25b 
to control the quantities of recirculation air (20) and 
accumulation air (21) which are blown into the sealed 



pot. 

[01 54] In the time chart shown in Figure 1 1 , when 
the temperature differential AT between the tempera- 
ture Ti in the aforesaid freeboard 13 and the tempera- 
ture T 2 in fluidizing region 10 exceeds a given value, 
damper 20b is opened to admit recirculation air 20, and 
sand (particles) from region 1 5b of the sealed pot is 
recirculated to dense bed 11. The holdup rate in the 
freeboard falls, and the holdup rate of the sand in dense 
bed 1 1 increases. 

[0155] We have chosen to control AT because it 
offers a simple way to maintain the proper suspension 
density and recirculation rate. It would also be possible 
to measure the suspension density and recirculation 
rate directly. 

[01 56] Thus the combustion heat from freeboard 1 3 
can be recirculated to fluidizing region 10, while the 
actual suspension density can be adjusted so that it 
remains between 1.5 kg/m 3 and 10 kg/m 3 . 
[0157] The control state of the temperatures 
achieved by adjusting the ratio of primary air 18 to sec- 
ondary air 19 is explained by the time chart in Figure 12. 
[0158] In this time chart, the ratio of primary air 18 
to secondary air 19 is controlled so that the difference 
AT (T 1 - T 2 ) between the temperature T 1 in freeboard 
13 and the temperature T 2 of fluidizing bed 10 remains 
constant at a given value. 

[0159] In this graph, the sum of the quantities of pri- 
mary air 18 and secondary air 19 provided by blower 
17a remains constant, and the rate at which the fluidiz- 
ing medium (i.e., the sand) is recirculated also remains 
constant. 

[0160] As is shown in Figure 12, when the differ- 
ence ATfl^ - T 2 ) between furnace temperatures T-, 
and T 2 exceeds a given value, control system 25a oper- 
ates, the damper 18b for primary air 18 is opened more 
and the damper 19b for secondary air 19 is closed 
more. This increases the proportion of primary air 18 
and decreases the proportion of secondary air 19. The 
temperature T 2 of fluidizing region 10 increases, and 
the temperature Tj of freeboard 13 decreases. 
[0161] When the difference AT (T 1 - T 2 ) between 
temperatures and T 2 falls below a given value, the 
damper 18b for primary air 18 is closed more and the 
damper 19b for secondary air 19 is opened more. This 
decreases the proportion of primary air 18 and 
increases the proportion of secondary air 19. The tem- 
perature T 2 of fluidizing region 10 decreases, and the 
temperature T 1 of freeboard 13 increases. 
[01 62] Controlling the ratio of primary air 1 8 to sec- 
ondary air 19 yields the result of controlling the holdup 
rate and suspension density in bed 10 and freeboard 
13, which are in an inverse relationship with each other. 
By adjusting the quantities of recirculation air 20 and 
accumulation air 21 which are injected into the afore- 
said sealed pot 15, we can control the holdup rate in 
freeboard 13 as well as the suspension density over a 
wide range of values. 
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(Fourth Preferred Embodiment) 



[0163] In Figure 13, 011 is a fluidized bed incinera- 
tor which is the fourth preferred embodiment of this 
invention. Its configuration is as follows. 5 
[0164] The said fluidized bed incinerator 011 has 
the following configuration. Primary air 18 is blown into 
derfse bed 11 through dispersion device 18c, which is 
located on the bottom of the tower. Dense bed 1 1 , which 
consists of silica or some other sand 1 0d serving as the w 
fluidizing medium, has a stationary surface 12c. The 
interior of the said dense bed 1 1 is fluidized by air bub- 
bles, thus creating fluidized sand surface 12a. As the 
bubbles burst, particles of sand are flung upward to form 
splash zone 1 2b above bed region 1 0. Secondary air 1 9 15 
is introduced into the aforesaid splash zone 12b. In 
entraining region 12, this secondary air entrains the par- 
ticles of fluidizing medium thrust upward into the said 
splash zone 12b and conveys them into freeboard 13 
above the splash zone. 2 o 
[0165] The said fluidized bed incinerator 011 also 
consists of the following: a separator 14, a cyclone or 
other device which conveys the aforesaid entrained flu- 
idizing medium out of the furnace, separates it from the 
gas and collects it; an external recirculation unit 105, 25 
consisting of sealed pot 15. which recirculates the col- 
lected fluidizing medium, by way of duct 15c, to dense 
bed 11 in the aforesaid fluidizing region 10; a blower 
1 7a, which controls the total quantity of the aforesaid 
primary air 18 and secondary air 19; a control system 30 
25a, which controls the ratio of primary air 1 8 to second- 
. ary air 19; a blower 17b, which sends air into the afore- 
said sealed pot 15; a gas supply system 17, consisting 
of control system 25b, which controls the quantity of air 
provided by the said blower 1 7b; and an internal recircu- 35 
lation unit, consisting of device 63 to remove fluidizing 
medium from the furnace, which includes a buffer tank 
in outlet 62, an outlet for uncombusted material and flu- 
idizing medium which is below the aforesaid bed region 
!0. 40 
[01 66] Temperature gauges 1^ and T 2 measure the 
temperature in the aforesaid freeboard 13 and fluidizing 
region 10, respectively. Control systems 17a and 17b in 
gas supply system 1 7 and the control unit 30 pictured in 
Figure 14, which controls the introduction of fluidizing 45 
medium as part of the aforesaid internal recirculation 
unit, enable the system to respond to fluctuations in the 
furnace temperatures. 

[0167] The aforesaid gas supply system 17 con- 
sists of blowers 17a and 17b and control systems 25a so 
and 25b, which control the air supplied by these blow- 
ers. 

[0168] In control system 25a, the proportion of air 
provided by blower 17a through each of the two chan- 
nels is adjusted by opening or closing dampers 1 8b and 55 
19b. 

[0169] In control system 25b, the air provided by 
blower 17b controls the recirculation of particles to bed 



region 10. Dampers 20b and 21b are opened or closed 
to actuate external recirculation unit 105. 
[01 70] The total quantity of primary air 1 8 and sec- 
ondary air 19, which is the sum of primary air 18 and 
secondary air 19, is determined according to a rule to 
correspond to the characteristics and quantity of the 
waste material and achieved by opening or closing 
dampers 18b and 19b. Primary air 18, whose proportion 
is controlled by damper 18b, is distributed uniformly into 
the lower portion of the tower by distribution device 18c 
after entering through inlet 18a. When the air reaches 
the initial fluidizing velocity, sand lOd, the fluidizjng 
medium constituting dense bed 1 1 in fluidizing region 
10, begins to act like a fluid, forming a uniform fluidized 
bed with a surface 12a. The velocity of the air in the 
tower is increased until it exceeds the velocity for air 
bubble fluidization. The bubbles which are generated 
agitate the interior of the bed, causing it to assume a 
state of non-uniform fluidization, and forming bubble-flu- 
idized region 10. This makes it possible for sand parti- 
cles to be thrust upward when the bubbles on the 
aforesaid surface 12a burst, thus creating splash zone 
12b. 

[0171] Damper 18b of control system 25a in the 
aforesaid gas supply system 17 is adjusted to increase 
or decrease the ratio of the aforesaid primary air 18 to 
secondary air 19 in order to control the temperature of 
fluidizing region 10 and the suspension density in free- 
board 13, which it does by increasing or decreasing the 
quantity of particles which pass through freeboard 13. 
To be more specific, the density of the suspension is 
kept between 1 .5 kg/m 3 and 1 0 kg/m 3 . 
[0172] When the aforesaid ratio of primary to sec- 
ondary air is controlled, secondary air 19, whose quan- 
tity is decreased or increased by damper 19b in 
response to the increase or decrease in the quantity of 
primary air 18, entrains and conveys the particles of flu- 
idizing medium which are thrown upward into splash 
zone 12b. The system is adjusted so that the suspen- 
sion density of the said particles with respect to the 
aforesaid freeboard 13 remains within a specified 
range, namely, between 1.5 kg/m 3 and 10 kg/m 3 . When 
the load fluctuation has been compensated for, the par- 
ticles are collected by external recirculation unit 105, 
consisting of separator 14 and sealed pot 15. The parti- 
cles which are collected are recirculated through the 
control unit in an appropriate manner and returned to 
dense bed 11 in fluidizing region 10. The combustion 
heat from the aforesaid freeboard 13 is also recirculated 
to prevent the combustion temperature in fluidizing 
region 10 from dropping so that stable combustion can 
be maintained. 

[01 73] The aforesaid device 63 to remove the fluid- 
izing medium, which is shown in Figure 14, consists of 
an internal unit to recirculate the particles in the fluid- 
ized bed. This unit, which is installed on outlet 62 on the 
bottom of fluidizing region 10, consists of screw con- 
veyor 26, sand separator 27, a device which vibrates a 
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sieve, buffer tank (collection tank) 28, conveyor 29 and 
inlet 31. 

[0174] In device 63 to remove the fluidizing 
medium, any uncombusted material such as incinerator 
ash is removed by screw conveyor 26 along with the flu- 5 
idizing medium. The uncombusted material is removed 
by sand separator 27, a vibrating screen or the like, and 
the fluidizing medium is stored temporarily in buffer tank 
28. 

[0175] If the temperature Tj measured by the ther- io 
mometer in freeboard 13 exceeds a reference value, 
control unit 30 causes conveyor 29 to slow down, as 
shown in Figure 15. Sand lOd, the fluidizing medium 
stored in buffer tank 28, is supplied to freeboard 13 via 
inlet 31 in a quantity determined by control unit 30 to be is 
proportional to the excess heat. 

[0176] As a result, the holdup rate of the particles in 
the aforesaid freeboard 13 is increased or decreased, 
as is the suspension density. Thus the system can 
respond to large temperature fluctuations in freeboard 20 
13, as described above; and it can respond to a wide 
range of load fluctuations due to the waste material hav- 
ing different combustion characteristics. Because the 
fluidizing medium is removed by screw conveyor 26, 
which normally operates to remove ash and other 25 
uncombusted material, the quantity of medium which is 
removed remains constant. 

[01 77] When sand 1 0d which was stored previously 
in buffer tank 28 as described above is supplied to the 
furnace, the quantity of sand originally placed in the fur- 30 
hace is increased by the quantity supplied. As can be 
seen in Figure 10 with respect to the third embodiment, 
by increasing the quantity of sand in circulation, we 
increase the thermal capacity of freeboard 13 and so 
fundamentally increase the furnace's ability to respond 35 
to the load. 

[0178] When this sort of furnace operates, the sus- 
pension density resulting from the holdup rate of the 
sand (i.e., the fluidizing medium) in freeboard 13 is pre- 
set to range from 1.5 kg/m 3 to 10 kg/m 3 The average 40 
mass flow velocity Gs of the particles (i.e., of the fluid- 
ized sand) is set according to the expected temperature 
drop of the exhaust gas (the temperature of the exhaust 
gas is between 800 and 1000° C) when sand is added 
to the chamber (the specific heat of the sand is 0.2 45 
Kcal/Kg° C), and the height at which secondary air 19 is 
to be injected is determined. The total quantity of pri- 
mary air 18 and secondary air 19 needed to fully com- 
bust the waste material is determined, as is the quantity 
of medium to be recirculated. 50 
[0179] From the upper and lower limits of the sus- 
pension density, namely 1.5 kg/m 3 and 10 kg/m 3 , the 
ratio of primary air 18 to secondary air 19 is set some- 
where between one to two and two to one. 
[0180] The airflow obtained from blower 17a in the 55 
aforesaid gas supply system 17 is divided by dampers 
18b and 19b in control system 25a into primary air 18 
and secondary air 19. The airflow from blower 17b is 



sent by way of control system 25b to external recircula- 
tion unit 105. The fluidizing medium is recirculated to 
bed region 10. 

[0181] The control state of the temperature 
achieved by adjusting the ratio of the aforesaid primary 
air 18 to secondary air 19 can be explained using the 
time chart in Figure 12 with respect to the aforesaid 
embodiment. 

[01 82] In this time chart, the sum of the quantities of 
primary air 18 and secondary air 19 provided by blower 
17a remains constant, as does the quantity of fluidizing 
medium (i.e., sand) in circulation. When the difference 
AT (T 1 - T 2 ) between the aforesaid furnace tempera- 
tures T t and T 2 exceeds a given value, control system 
25a operates; the damper 18b for primary air 18 is 
opened more and the damper 19b for secondary air 19 
is closed more. This increases the proportion of primary 
air 18 and decreases the proportion of secondary air 
19. The temperature T 2 of fluidizing region 10 
increases, and the temperature T-, of freeboard 13 
decreases. 

[0183] When the difference AT (T 1 - T 2 ) between 
temperatures T t and T 2 falls below a given value, the 
damper 18b for primary air 18 is closed more and the 
damper 19b for secondary air 19 is opened more. This 
decreases the proportion of primary air 18 and 
increases the proportion of secondary air 19. The tem- 
perature T 2 of fluidizing region 10 decreases, and the 
temperature^ of freeboard 13 increases. 
[01 84] Controlling the ratio of primary air 1 8 to sec- 
ondary air 19 yields the result of controlling the holdup 
rate and suspension density in bed 10 and freeboard 
13, which are in an inverse relationship with each other. 
This being the case, there is a limit to the range of con- 
trol which is possible. By supplying to freeboard 13 an 
appropriate quantity of the aforesaid fluidizing medium . 
which has been removed from the furnace and stored in 
buffer tank 28, we can supply the quantity of particles 
needed to absorb any temperature spike in freeboard 
13 by increasing the suspension density. The furnace 
can thus respond to a wide range of sudden tempera- 
ture spikes resulting from fluctuations in the load char- 
acteristics. 

(Fifth Preferred Embodiment) 

[0185] In Figures 16 and 17, 01 1 is a fluidized bed 
incinerator which is the fifth preferred embodiment of 
this invention. It is configured as follows. 
[0186] The said fluidized bed incinerator 011 has a 
fluidizing region 10, in which primary air 18 is blown into 
dense bed 11, which contains a static bed 12c consist- 
ing of sand 10d. silica or some other fluidizing medium, 
through gas dispersion device 18c, which is located on 
the bottom of the tower, in order to f luidize the medium 
in the said dense bed 1 1 and form on top of dense bed 
1 1 a bubbling region 12e with a fluidized bed 12a. When 
the bubbles 10a in the aforesaid fluidized bed 12a burst, 
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the particles of sand are flung upward to form splash 
zone 12b. Bed region 10 consists of splash zone 12b; 
the aforesaid dense bed 1 1 and bubbling region 12e; an 
entraining area 12, into which secondary air 25 is intro- 
duced, to entrain and convey the aforesaid sand 10d 5 
into the freeboard 13 above it. 

[0187] The secondary air 19 which is to entrain the 
partrcles in the aforesaid splash zone 12b is introduced 
into the furnace and entrains the particles of fluidizing 
medium which are thrown upward in the said splash u 
zone 12b, carrying them through entraining region 12 to 
freeboard 13. 

[0188] The said fluidized bed incinerator 01 1 has an 
external recirculation unit 105 consisting of separator 
14, a cyclone or other device which conveys the afore- u 
said entrained fluidizing medium out of the furnace and 
separates it from exhaust gas 35. and sealed pot 15, 
which recirculates the collected fluidizing medium, by 
way of duct 15c, to dense bed 1 1 in the aforesaid fluid- 
izing region 10. 20 
[0189] It also has a blower 17a; a control system 
25a, which controls the total quantity as well as the ratio 
of primary air 18 to secondary air 19, through the use of 
two dampers, 18b and 19b; and a gas supply system 
17, consisting of a blower 17b, which sends air into the 25 
aforesaid sealed pot 15, and a control system 25b. 
[0190] As can be seen in Figure 1 7, there is an inlet 
16a for waste material which opens into dense bed 1 1 , 
which forms the base of the aforesaid fluidizing region 
1 0, 

[01 91 ] Temperature gauges T : and T 2 measure the 
furnace temperature in the aforesaid freeboard 13 and 
fluidizing region 10, respectively Control system 25a of 
gas supply system 1 7 controls the ratio of primary air 18 
to secondary air 19 according to the temperature f luctu- 35 
ations in the furnace. 

[0192] In control system 25a. the air provided by 
blower 1 7a is adjusted by dampers 1 8b and 1 9b to con- 
trol both the total quantity of air in the furnace and the 
ratio of primary to secondary air. 40 
[0193] In control system 25b, the air provided by 
blower 17b is adjusted by dampers 20b and 21b and 
used to fluidize the sand in the sealed pot. This allows 
the sand to be recirculated from external recirculation 
unit 105 back to fluidizing region 10. 45 
[0194] The primary air 18 whose proportion is con- 
trolled by the aforesaid damper 18b is blown into the 
bottom of the furnace through inlet 18a and distributed 
uniformly by distribution device 18c. When the air 
reaches the threshold fluidizing velocity, sand 10d, the so 
fluidizing medium comprising dense bed 1 1 in fluidizing 
region 10. forms a uniform fluidized bed with a surface 
12a of fluidized sand. When the air speed in the tower 
exceeds the bubble fluidization velocity, the interior of 
the bed is agitated by the bubbles 10a which begin to ss 
form. A bubbling region 12e forms in the aforesaid uni- 
form fluidized bed, causing this region to be non-uni- 
formly fluidized, and forming bubble-fluidized region 10. 



As the bubbles 10a on the aforesaid sand surface 12a 
burst, they cause particles of sand to be thrust upward 
to form splash zone 12b. 

[0195] Opening or closing damper 18b of control 
system 25a in the aforesaid gas supply system 17 
increases or decreases the ratio of primary air 18 to 
secondary air 19. By controlling the temperature of flu- 
idizing region 10 and increasing or decreasing the 
quantity of particles which pass through freeboard 13, 
we can control the suspension density in freeboard 13.' 
To be specific, the suspension density is controlled so 
that it remains between 1.5 kg/m 3 and 10 kg/m 3 . 
[01 96] The secondary air 1 9 which is decreased or 
increased by adjusting damper 19b in response to the 
increase or decrease of primary air 18 by the control 
operation described above entrains and conveys the 
particles of medium thrown up into splash zone 12b. 
When the appropriate suspension density, specifically, a 
density between 1.5 kg/m 3 and 10 kg/m 3 , has been 
achieved with respect to the aforesaid freeboard 13 to 
compensate for load variation, the aforesaid particles 
are collected by external recirculation unit 105, which 
consists of separator 14 and sealed pot 15, in the col- 
lection tank of sealed pot 15. The particles which are 
collected are recirculated, by means of fluidizing air, to 
dense bed 1 1 in the aforesaid fluidizing region 10. The 
combustion heat from freeboard 13 is also recirculated 
to prevent the combustion temperature in region 10 
from slipping so as to maintain stable combustion. 
[01 97] As can be seen in the rough sketch in Figure 
17, the aforesaid inlet 16a for waste material is in the 
upper portion of dense bed 1 1 , which sits on the bottom 
of bubble-fluidized region 10. When primary air 18 is 
introduced into the furnace, sand 10d, the fluidizing 
medium comprising dense bed 11, begins to fluidize. 
When the velocity of primary air 18 is further increased 
so that it exceeds the threshold for bubble fluidization, 
numerous bubbles 10a form in the aforesaid sand 10d, 
which has begun to fluidize. These bubbles create bub- 
bling region I2e, which assumes a boiling state. 
[0198] In this invention, inlet 16a for the waste 
material is near the border between the top of the afore- 
said dense bed 11 and bubbling region 12e. This design 
enables combustion to occur in the deep portion of bub- 
ble-fluidized region 10, including dense bed 11, thus 
guaranteeing stable combustion. 
[0199] The waste material introduced directly into 
the vigorously fluidized hot sand bed is pulverized when 
it experiences the explosive force of momentary volatili- 
zation of its moisture component and distributed uni- 
formly throughout the entire bubbling region 12e above 
the bed. Thus even dense bed 1 1 on the bottom of bed 
region 10 is used efficiently for combustion. This results 
in a wider range of permitted loads. 
[0200] Because the waste material is supplied to a 
relatively deep portion (i.e., dense bed region 1 1) of bed 
region 10, only a small proportion of its volatile compo- 
nent is lost to freeboard 13. The greater portion is com- 
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busted in the sand bed, which has a higher thermal 
capacity. This design allows the furnace to absorb load 
fluctuations and maintain a stable temperature, result- 
ing in stable operation. 

[0201] As was discussed above, the waste material 
which is introduced into the middle of sand 10d, in an 
area which is fluidized at a high temperature and under 
extreme pressure, experiences the tremendous force 
produced by instantaneous volatilization of its moisture 
component. This prevents the formation of clods of 
melted ash which would impede fluidity. 
[0202] The height H 2 at which waste inlet 16a 
should be placed to best realize the function described 
above is at a depth at least 1/3 of height H 1t the total 
distance from the fluidized sand surface 12a to the bot- 
tom of the furnace. Auxiliary burner 64 and the inlet 
through which the fluidizing medium is returned from 
the external recirculation unit via duct 15c are placed 
^ lower than the aforesaid waste inlet 16 so as to prevent 
the waste material introduced into the furnace from low- 
ering the temperature of the sand bed. 
[0203] When this sort of furnace operates, the sus- 
pension density resulting from the holdup rate of the 
sand (i.e., the fluidizing medium) in freeboard 13 is pre- 
set to range from 1.5 kg/m 3 to 10 kg/m 3 The average 
mass flow velocity Gs of the particles (i.e., of the fluid- 
ized sand) is set according to the expected temperature 
drop of the exhaust gas (the temperature of the exhaust 
gas is between 800 and 1000° C) when sand is added 
to the chamber (the specific heat of the sand is 0.2 
Kcal/Kg° C). The values for the height at which second- 
ary air 19 is to be injected and the total quantity of pri- 
mary air 18 and secondary air 19 are determined, and 
the quantity of particles to be circulated is established. 
[0204] The ratio of primary air 18 to secondary air 
1 9 is set between one to two and two to one so that the 
upper and lower limits of the suspension density fall 
between 1 .5 kg/m 3 and 1 0 kg/m 3 . 
[0205] The airflow obtained from blower 17a is 
divided by dampers 18b and 19b in control system 25a 
into primary air 18 and secondary air 19. The airflow 
from blower 17b is transmitted by control system 25b to 
external recirculation unit 105 to return the fluidizing 
medium from sealed pot 1 5 to bed region 1 0 (more spe- 
cifically, to dense bed 11). 

[0206] The control state of the temperature 
achieved by adjusting the ratio of the aforesaid primary 
air 18 to secondary air 19 is explained by the time chart 
in Figure 12 for the third embodiment. 
[0207] In the present embodiment, too, the sum of 
the quantities of primary air 18 and secondary air 19 
remains constant, as does the rate of circulation of the 
fluidizing medium (i.e., the sand). 
[0208] As can be seen in Figure 12, when 
AT (T t - T 2 ) , the difference between furnace tempera- 
tures T 1 and T 2 , exceeds a given value, control system 
25a goes into operation and causes damper 18b for pri- 
mary air 18 to open more and damper 19b for second- 



ary air 19 to close more. This increases the proportion 
of primary air 18 in the mixture, and decreases the pro- 
portion of secondary air 19, which raises the tempera- 
ture T 2 of bed region 10 and lowers the temperature Tj 
5 of freeboard 13. 

[0209] In contrast, when the aforesaid difference 
AT ( T 1 ■ T 2 ) between T, and T 2 falls below a given 
value, damper 18b for primary air 18 is closed more and 
damper 19b for secondary air 19 is opened more. This 
10 decreases the proportion of primary air 18 in the mix- 
ture, and increases the proportion of secondary air 19, 
which lowers the temperature T 2 of bed region 10 and 
raises the temperature of freeboard 13. 
[0210] Controlling the ratio of primary air 18 to see- 
rs ondary air 19 yields the result of controlling the holdup 
rate and suspension density in bed 10 and freeboard 
13, which are in an inverse relationship with each other. 
This being the case, there is a limit to the range of con- 
trol which is possible. However, the waste material 

20 loaded into the furnace via inlet 16a, which feeds into 
the deep portion of bed region 10 (i.e., into the dense 
bed), can be combusted throughout the entire fluidized 
bed, including the sand bed with its high thermal capac- 
ity. The furnace can thus respond to a wide range of 

25 sudden temperature spikes resulting from fluctuations 
in the load characteristics. 

Effects of the Invention 



30 [0211] As has been disclosed above, with the 
present invention, when the primary air which fluidizes 
the sand is blown into the furnace from below what will 
become the fluidized bed, the sand which is the fluidiz- 
ing medium is blown upward into the splash zone. This 
35 fluidizing medium is then entrained on secondary air 
introduced into the splash zone and conveyed up into 
the freeboard. The result is a constant circulation of flu- 
idizing medium through the freeboard. Thus the fluidiz- 
ing medium, which has a high thermal capacity, is able 
40 to absorb fluctuations in the temperature of the free- 
board, guaranteeing stable operation. 
[0212] Furthermore, the fluidizing medium con- 
veyed to the freeboard by the aforesaid secondary air, 
now very hot from absorbing the combustion heat in the 
45 freeboard, is returned via the external recirculation unit 
to the dense bed in the fluidizing region. This design 
insures that the temperature of the sand in the said 
dense bed remains at an appropriate value, and by 
eliminating the need for more fluidizing air, it increases 
so the upper limit of the load due to moisture content on the 
floor of the furnace. It also reduces the quantity of fuel 
needed to maintain the temperature of the sand bed. It 
reduces the quantity of exhaust gas and insures that the 
exhaust gas is at the appropriate temperature, and it 
55 reduces the required fuel cost. 

[0213] This design also allows the ratio of a fixed 
quantity of the aforesaid primary and secondary air to 
be adjusted. It allows the holdup rate of the fluidizing 
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medium above the level where the secondary air is 
introduced to be controlled and the suspension density 
in the freeboard to be adjusted. The thermal capacity of 
the freeboard can thus be adjusted as needed to 
respond to fluctuations in the load. 
[0214] With this invention, the height of the bed sur- 
face achieved by expanding the bed with primary air, the 
fiuidizing gas, and the height of the splash zone, which 
includes the highest point to which sand particles are 
thrown (12g (TDH) in Figure 1), can be adjusted. The 
holdup rate of the fiuidizing medium entrained by the 
secondary air above its inlet in the splash zone can be 
increased or decreased to adjust the suspension den- 
sity in the freeboard so that it remains between 1.5 
kg/m 3 and 10 kg/m 3 . 

[0215] With this invention, secondary air is brought 
into the splash zone, a discontinuous space above the 
surface of the bed in the fiuidizing region. The total 
quantity of primary and secondary air can thus be con- 
trolled to insure that a given quantity of fiuidizing 
medium circulate through the freeboard in response to 
the quality and quantity of waste material loaded in the 
furnace. This heated medium is returned to the cooler 
bed region to eliminate the need for auxiliary fuel. It 
maintains the exhaust gas at the proper temperature. 
[0216] The ratio of primary to secondary air is con- 
trolled by the control unit for that purpose. This allows 
the thermal capacities of the freeboard and bed region 
to be controlled in response to load fluctuations. 
[0217] With the inventions disclosed in Claims 3, 4, 
5, 17, 18, 19 and 20, the aforesaid fixed quantity of pri- 
mary and secondary air is supplied and the holdup rate 
of the fiuidizing medium is controlled from a position 
above the point at which the secondary air is intro- 
duced. The suspension density in the freeboard is con- 
trolled so that the thermal capacity of the said freeboard 
can be controlled as needed in response to load fluctu- 
ations. In addition to changing the density of the parti- 
cles entrained on the primary air, we can also change 
the suspension density in the freeboard by introducing 
more secondary air through one or more inlets arrayed 
vertically above the bed region. The closer to the sand 
surface the secondary air is introduced, the greater the 
change in the suspension density of the freeboard. 
[0218] With the inventions disclosed in Claims 6 
and 7, the fiuidizing medium entrained and conveyed 
through the freeboard is collected in a sealed pot. When 
air is blown into this pot, the medium is returned to the 
dense bed in the fiuidizing region. This allows the com- 
bustion heat from the aforesaid freeboard to be recircu- 
lated to the dense bed. By increasing the quantity of 
fiuidizing medium in the bed, we can adjust the suspen- 
sion density in the freeboard. This allows local and 
momentary temperature spikes in the freeboard which 
result from load fluctuations to be absorbed more relia- 
bly. 

[021 9] With the inventions disclosed in Claims 8, 9, 
10 and 11, the fiuidizing medium is supplied to the fur- 
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nace by a recirculation unit which stores the medium 
discharged via the outlet on the bottom of the fluidized 
bed in a buffer tank and circulates it to the furnace in 
response to the state of the load in order to adjust the 
suspension density in the freeboard. Thus a quantity of 
fiuidizing medium which is appropriate for the state of 
combustion in the said freeboard can be loaded into the 
combustion chamber (i.e., the freeboard) of the furnace. 
The holdup rate in the freeboard can be increased or 
decreased to adjust the suspension density. This design 
allows the system to respond to a wide range of load 
fluctuations. 

[0220] With the inventions disclosed in Claims 12 
and 13, the instantaneous volatilization of the moisture 
component of the waste material loaded in the furnace 
produces a tremendous force which prevents the forma- 
tion of clods of melted ash. The pulverized waste mate- 
rial which results is distributed uniformly throughout the 
bubbling region, including the dense bed, thus insuring 
complete combustion in the deep portion of the bubbling 
region. 

Claims 

1 . A fluidized bed incinerator having a splash region in 
which the particles of the fiuidizing medium are pro- 
pelled upward when the bubbles on the surface of 
the fluidized sand in the fiuidizing region burst by 
injecting the primary air from the bottom of the fluid- 
ized bed for fiuidizing the sand, and a freeboard 
region provided above the splash region, compris- 
ing: 

an entraining region in which the particles are 
entrained and conveyed upward to the free- 
board region by introducing the secondary air; 
a recirculation unit to separate the particles of 
' the fiuidizing medium from the mixture of the 
exhaust gases and the fiuidizing medium, and 
recirculate the fiuidizing medium to the fiuidiz- 
ing region; and 

an air control unit to adjust the ratio of the pri- 
mary and secondary air based on the tempera- 
ture difference between the freeboard region 
and the fiuidizing region. 

2. A fluidized bed incinerator according to claim 1, 
wherein said air control unit comprises a first 
damper to control the primary air to be introduced 
into the fiuidizing region, and a second damper to 
control the secondary air to be introduced into the 
splash region, thereby said air control unit controls 
the ration of the primary and secondary air. 



55 3. A fluidized bed incinerator having a splash region in 
which the particles of the fiuidizing medium are pro- 
pelled upward when the bubbles on the surface of 
the fluidized sand in the fiuidizing region burst by 
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injecting the primary air from the bottom of the fluid- 
ized bed for fluidizing the sand, and a freeboard 
region provided above the splash region, compris- 
ing: 

5 

an entraining region in which the particles are 
entrained and conveyed upward to the free- 
board region by introducing the secondary air; 
and 

a secondary air control means provided with an 10 
air supplying unit to supply the secondary air 
from one of a plurality of air inlets which are 
provided in the splash region vertically, said 
secondary air control means to control the 
open and close of said air supplying unit. 75 

4. A f luidized bed incinerator according to claim 3, fur- 
ther comprising: 

a recirculation unit to separate the particles of 20 
the fluidizing medium from the mixture of the 
exhaust gases and the fluidizing medium, and 
recirculate the fluidizing medium to the fluidiz- 
ing region; and 

an air control unit to adjust the ratio of the pri- 25 
mary and secondary air based on the tempera- 
ture difference between the freeboard region 
and the fluidizing region. 

5. A fluidized bed incinerator according to claim 3, 30 
wherein said secondary air control means controls 

the open and close of the plurality of air inlets based 
on the temperature difference between the free- 
board region and the fluidizing region. 

35 

6. A fluidized bed incinerator, comprising: 

a splash region in which the particles of the flu- 
idizing medium are propelled upward when the 
bubbles on the surface of the fluidized sand in 40 
the fluidizing region burst by injecting the pri- 
mary air from the bottom of the fluidized bed for 
fluidizing the sand; 

a freeboard region provided above the splash 
region: 45 
an entraining region in which the particles are 
entrained and conveyed upward to the free- 
board region by introducing the secondary air; 
a recirculation unit to separate the particles of 
the fluidizing medium from the mixture of the so 
exhaust gases and the fluidizing medium by a 
separation means, and recirculate the fluidizing 
medium to the fluidizing region; said recircula- 
tion unit, comprising: 

a sealed pot provided under said separation 55 
means, said sealed pot comprising an accumu- 
lation region to accumulate the fluidizing 
medium separated by said separation means, 



and a pressurized region to recirculate the flu- 
idizing medium into a connecting duct con- 
nected to the fluidizing region by the pressure 
of the recirculation air introduced from the bot- 
tom of said accumulation region; and 
a recirculation control means to control the 
recirculation air in order to control the quantity 
of the fluidizing medium. 

7. A fluidized bed incinerator according to claim 6, fur- 
ther comprising an air control unit to adjust the ratio 
of the primary and secondary air based on the tem- 
perature difference between the freeboard region 
and the fluidizing region. 

8. A fluidized bed incinerator, comprising: 

a splash region in which the particles of the flu- 
idizing medium are propelled upward when the 
bubbles on the surface of the fluidized sand in 
the fluidizing region burst by injecting the pri- 
mary air from the bottom of the fluidized bed for 
fluidizing the sand; 

a freeboard region provided above the splash 
region; 

an entraining region in which the particles are 
entrained and conveyed upward to the free- 
board region by introducing the secondary air; 
a recirculation unit to separate the particles of 
the fluidizing medium from the mixture of the 
exhaust gases and the fluidizing medium, and 
recirculate the fluidizing medium to the fluidiz- 
ing region; 

a buffer tank to store the fluidizing medium dis- 
charged from an outlet along with uncom- 
busted material, which is provided below the 
fluidizing region; and 

a buffer tank control means to control the sup- 
plying the fluidizing medium to the fluidizing 
region based on the temperature in said free- 
board region depending on the load fluctuation 
in said fluidized bed incinerator. 

9. A fluidized bed incinerator, comprising: 

a splash region in which the particles of the flu- 
idizing medium are propelled upward when the 
bubbles on the surface of the fluidized sand in 
the fluidizing region burst by injecting the pri- 
mary air from the bottom of the fluidized bed for 
fluidizing the sand; 

a freeboard region provided above the splash 
region; 

an entraining region in which the particles are 
entrained and conveyed upward to the free- 
board region by introducing the secondary air; 
a recirculation unit to separate the particles of 
the fluidizing medium from the mixture of the 



21 



1013994A1J_> 



exhaust gases and the fluidizing medium, and 
recirculate the fluidizing medium to the fluidiz- 
ing region; 

a buffer tank to store the fluidizing medium dis- 
charged from an outlet along with uncom- 5 
busted material, which is provided below the 
fluidizing region; 

an air control unit to adjust the ratio of the pri- 
mary and secondary air based on the load fluc- 
tuation in said fluidized bed incinerator; and 10 
a buffer tank control means to control the sup- 
plying the fluidizing medium to the fluidizing 
region based on the load fluctuation. 

10. A fluidized bed incinerator according to claim 9, 75 
wherein said air control unit adjusts the ratio of the 
primary and secondary air based on the tempera- 
ture difference between the freeboard region and 
the fluidizing region, and said buffer tank control 
means controls the quantity of the fluidizing 20 
medium for providing to the fluidizing region based 
on the temperature at a predetermined location in 
said fluidized bed incinerator. 

11- A fluidized bed incinerator according to claim 9, 25 
wherein said air control unit adjusts the ratio of the 
primary and secondary air so that the sum of the 
quantities of primary air and secondary air remains 
constant. 

3C 

12. A fluidized bed incinerator, comprising: 

a bubble fluidizing region having a dense 
region and a bubbling region above said dense 
region; 35 
a splash region in which the particles of the flu- 
idizing medium are propelled upward when the 
bubbles on the surface of the fluidized sand in 
said bubble fluidizing region burst by injecting 
the primary air from the bottom of the fluidized 40 
bed for fluidizing the sand; 
a freeboard region provided above the splash 
region; 

an entraining region in which the particles are 
entrained and conveyed upward to the free- 45 
board region by introducing the secondary air; 
a recirculation unit to separate the particles of 
the fluidizing medium from the mixture of the 
exhaust gases and the fluidizing medium, and 
recirculate the fluidizing medium to said dense 50 
region; and 

a waste inlet through which the waste material 
is loaded, which is to be incinerated in said 
bubble fluidizing region having said dense 
region and said bubbling region. 55 

13. A fluidized bed incinerator according to claim 12, 
further comprising a fluidizing medium inlet for 
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returning said fluidizing medium placed at the same 
height as said waste inlet or at the lower position 
than said waste inlet, and an auxiliary burner. 

14. An operating method to operate a fluidized bed 
incinerator, comprising a step of: 

injecting the primary air for fluidizing the fluidiz- 
ing medium from a bottom of the fluidizing 
region; 

injecting the secondary air into the splash 
region in which the bubbles on the surface of 
the fluidized sand blast and the particles are 
propelling upward when the bubbles are burst; 
entraining and conveying upward the fluidizing 
medium to out of said incinerator via the free- 
board; 

recirculating the fluidizing medium to the fluid- 
izing region; and 

controlling the thermal capacity of the free- 
board, and the temperature of the fluidizing 
medium to be constant by controlling the ration 
of the primary and secondary air. 

15. An operating method to operate a fluidized bed 
incinerator according to claim 14, wherein said con- 
trolling step controls the suspension density in the 
freeboard and the volume of recirculated fluidizing 
medium by controlling the ration of the primary and 
secondary air. 

16. An operating method to operate a fluidized bed 
incinerator according to claim 14, wherein the sus- 
pension density in the freeboard is kept between 
1.5kg/m 3 and 10 kg/m 3 

17. An operating method to operate a fluidized bed 
incinerator, comprising a step of: 

injecting the primary air for fluidizing the fluidiz- 
ing medium from a bottom of the fluidizing 
region; 

injecting the secondary air into the splash 
region in which the bubbles on the surface of 
the fluidized sand blast and the particles are 
propelling upward when the bubbles are burst, 
said secondary air being injected selectively 
from one or more air inlets provided vertically; 
entraining and conveying upward the fluidizing 
medium to out of said incinerator via the free- 
board; and 

controlling the suspension density in the free- 
board by selecting the air inlets for adjusting 
the height of said injecting the secondary air. 

18. An operating method to operate a fluidized bed 
incinerator according to claim 17, further compris- 
ing a step of recirculating the fluidizing medium via 
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a recirculation unit provided out of thefluidized bed 
incinerator. 



19. An operating method to operate a fluidized bed 
incinerator according to claim 1 7, wherein said con- 5 
trolling step controls the suspension density in the 
freeboard and the volume of recirculated fluidizing 

- medium by controlling the ration of the primary and 
secondary air. 

1C 

20. An operating method to operate a fluidized bed 
incinerator according to claim 17, wherein the sus- 
pension density in the freeboard is kept between 
1.5 kg/m 3 and 10 kg/m 3 . 
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Fig. 10 
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Fig. 14 
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